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Nerve growth factor (NGF) is a protein with well
established effects on survival, differentiation, and
maintenance of sensory and sympathetic neurons. The NGFs
isolated from the most abundant source, the male mouse
submandibular glands, have been thoroughly studied with
respect to its chemical structure and biological actions.
However up to date, NGF has not been reported in the
submandibular gland of any other species except the shrew.
Hence a study of NGF from this source deserves particular
attention. In this investigation, the isolation of shrew
NGF was reported together with some characterization of this
protein.
Two molecular forms of NGF were isolated from the
shrew submandibular gland by different isolation procedures.
By comparing the behavior of these shrew NGFs on the columns
during purification with that of the mouse# it was revealed
that like the mouse NGF, shrew. NGF exists as a high
molecular weight complex in the original extract that
dissociates at low pH to give a smaller subunit having NGF
biological activity. The high molecular weight shrew NGF
was isolated by means of successive chromatography on
Sephacryl S-200, DBAE-cellulose, and Sephadex G-150 columns.
This partially purified molecule has an apparent molecular
weight of 58,000-75,500. It also contained arginine
specific esteropeptidase activty and immunocrossreactivity
2with the mouse 2.58 NGF.
The low molecular weight species was obtained by
chromatography on Sephacryl S-200, CM-cellulose, and
Sephadex G-100 column in succession. Around 2 mg of the
purified LMW-sNGF was isolated from 13.5 g wet weight
tissue. Like the mouse NGF, the LMW-sNGF is a dimer of
two nonconvale ntly linked polypeptide chains (M.W. 11,600
and 12,700). The molecular weight of the. native protein is
about 28,000. It has a biological activity of 4.4 ng/BU and
shows some degree of immunocrossreactivity with the mouse
2.55 NGF. The amino acid composition of the HPLC-pure shrew
NGF shows a greater similarity to. bovine than mouse NGF.
Thus a more thorough study on this shrew NGF may open the
scope of study of NGF found in human. Since the shrew is a
primitive mammal, comparative study of NGF from different
vertebrate sources may provide some insight on the
physiological significance of this important protein growth
factor as it evolved along the evolutionary scale.
INTRODUCTION
3I. INTODUCTION
With the advancement of tissue culture techniques in
cell biology, it has become clear that cell growth and
maintenance are regulated by growth-promoting polypeptides
or growth factors present in serum and tissues. Some of
these factors 'have been purified and fully characterized.
They have the common characteristic of having mitotic and
pleiotypic effects on their target tissues, causing growth
in terms of cell number and size stimulating DNA, RNA and
protein synthesis and the uptake of glucose and amino acids
into the cell. Some of these factors are under growth
hormone control. A typical example is the somatomedin-like
family. While growth hormone dependence of the nerve growth
factor( NGF) and epidermal growth factor( EGF) is
undetermined, they are found to be responsive to change in
levels of testosterone and thyroxine (Ishii, 1975; Lev i-
Montalcini, 1964). This may suggest that some of the
actions of these. established hormones are mediated by some
of these growth factors.
Out of the vast number of growth factors known today,
the nerve growth factor( NGF) deserves particular
attention. Unlike other cells, the number of neurons do not
increase after birth. Thus, a study on the action mechanism
of the factors required for the growth, differentiation and
maintenance of neurons would be valuable. Nerve growth
factor is one of such factors (Levi-Montalcini, 1965 &
41976). Although growth factors other than NGF have
also been found responsible for the growth of the nervous
system, for example, the motor nerve growth factor (Slack,
et al., 1983) and the brain growth-promoting activity (Sara
et al, 1979), more is known about the nerve growth factor
since a rich source of it was found in adult male mouse
submandibular gland( Cohen, 1960). It is of interest to
note that the submandibular glands of other animal species
contain very little, if any, nerve growth factor. The
salivary gland is considered as an exocrine organ for the
production of growth factors ( Murphy et al, 1980). The
physiological role of such large quantity of NGF in salivary
gland remained unknown and further investigation may reveal
new action(s) of NGF other than its neuron growth-promoting
effect. In 1981, Ueyama and his coworkers discovered another
rich source of NGF in the submandibular gland of the shrew
(Suncus murinus). This important finding provides us with
another animal source to carry out comparative studies on
mNGF and to look into other possible action of NGF besides
the nervous system. So in this investigation, NGF from the
shrew submandibular gland was studied.
A. Early history of NGF
Nerve growth factor was first discovered in 1948 when
it was found that sympathetic ganglia of chick embryos
bearing transplants of sarcomas 180 or 37 underwent an
impressive increase in size. The hyperplastic sympathetic
5ganglia also produced an extraordinary number of nerve
fibers that massively invaded the embryonic viscera and even
penetrated inside the blood vessels (Levi-Montalcini, 1953).
In 1953, a simple in vitro technique was devised to
explore the effects elicited by the two sarcomas 180 and 37.
This technique was later developed into the classical
bioassay for NGF( Levi-Montalcini, 1954). Sensory and
sympathetic ganglia dissected out from 7- to 9-day chick
embryos were incubated with the neoplastic tissue. The
production of a fibrillar halo by such explants was used as
an index of the presence of nerve-growth promoting factor.
This bioassay has remained as one of the most sensitive and
specific assay for NGF today.
Upon chemical characterization, the factor from the
sarcomas was found in the heat labile, nondialyzable
nucleoprotein particles present in the microsomal fraction
of neoplastic cells( Cohen et al, 1954). In order to
further purify the growth factor, Cohen made use of the
snake venom as a source of phosphodiesterase to remove
nucleic acids. Unexpectedly, he discovered that the snake
venom itself possesses even a higher nerve growth promoting
activity than that of the tumor. However, the reason why
the snake venom contains this factor is not known.
In 1958, an even more abundant source of NGF was
discovered in male mouse.submandibular gland. Female and
prepubescent male glands contain much less NGF. This sexual
6dimorphism stems from the fact that this organ is
responsive to androgen. Adminstration of testosterone to
female mouse increases NGF level while castration of males
reduces it( Lev i-Montalcini et al, 1964). Thyroxine and
corticosterone are also modulators of NGF biosynthesis
(Walker et al, 1981).
In 1960, Cohen reported the purification of NGF from
the mouse submandibular gland and this important work opened
up the field of study on NGF.. I n the same year, two
remarkable phenomena for the purified NGF was found by Levi-
Montalcini and Booker (1960). The first was that
adminstration of NGF to animals in vivo produced excessive
growth of sympathetic ganglia (Levi-Montalcini and Booker,
1960a) and the second was that treatment of animals with
NGF antiserum selectively destroyed the sympathetic ganglia
( Levi- Montalcini and Booker, 1960b) which we now called
immunosympathectomy. Today, the roles of NGF on the
peripheral nervous system was well established.
B. Biological effects of NGF
NGF is required for the growth, survival and
differentiation of embryonic sensory and sympathetic
neurons. Unlike other growth factors, the growth effect
of NGF involves only an increase in the size of the ganglia
with no increase in neuronal cell number. By earlier
studies, an apparent increase in the size of the ganglia and
an elevated mitotic index was found in both sensory and
7sympathetic ganglia of chicks, rats and mice (Levi-
Montalcini, 1968). However it was demonstrated later that
the increase in size of the ganglia was due to an increase
in size of the neurons and an apparent increase'in number of
neurons resulted from an augumented survival rate (Hendry,
1976). Since during ontogenesis, the number of neuronal
cells would normally decrease by degeneration, the increased
mitotic index was resulted from an augmented mitosis of
nonneuronal cells which was mediated by a direct cell to
cell interaction via membrane-bound components instead of
direct action of NGF.
The general growth effect of NGF' had been studied
extensively during the early days of NGF research (Levi-
Montalcini, 1968). Positive plelotypic effect of NGF on
uridine uptake, RNA synthesis, protein synthesis (Partlow
and Larrabee, 1971), lipid synthesis, glucose ultilization
and polysome formation was reported. How-e-ver the results of
such studies are being questioned today since most of these
early studies were carried out with embryonic sensory or
sympathetic ganglia which depend on NGF for survival. Most
of these experiments lasted for many hours or even days
during which the control ganglia may have undergone
irreversible degenerative changes. Thus, the apparent
enhancing effect of NGF may be only a reflection of the
maintenance. of the original metabolic states. In more
recent experiments, the time scale of investigation was
limited to the first minutes or at most the first few hours
of culture. From experiments by Varon and his coworkers,
8enhanced uptake of purine and pyrimidine precursors of RNA,
of deoxyglucose and a-aminoisobutyric acid caused by NGF was
reported (Skaper and Varon, 1979; Horii and Varon,1977;
Horii and Varon, 1975). This enhanced precursor uptake was
an indirect evidence for the positive pleiotypic effect of
NGF. It has also been shown that NGF could intiate the
induction of ornithine decarboxylase( ODC), which is the
rate-limiting enzyme in the synthesis of polyamines
(Macdonnell et al., 1977; Otten et al., 1978). Polyamines
are involve in many regulatory processes of protein
synthesis at the transcriptional and translational levels.
Many biological events of rapid growth or regeneration are
characterized by an early induction of ODC. So this ODC
induction by NGF is directly related to the general growth
effect of this protein.
The differentiation effect of NGF can be characterized
by its action on the selective induction of tyrosine
hydroxylase( TH) and dopamine-13-hydroxylase C DBH), two
key enzymes involve in the biosynthesis of the catecholamine
(Thoenen, 1979). The increase in activity of TH and DBH was
much larger than that could be accounted for by the general
growth effect on the adrenergic neurons since both their
total and specific activites were increased. Thus it seems
possible to separate the differentiation effect of NGF from
its general growth effect. Three pieces of evidence can be
used to support this hypothesis of dissociation. Firstly,
the response of ODC induction was age-dependent which are
9prominent in the early postnatal period while the NGF-
mediated TH induction is constant from birth to adulthood
(Thoenen, 1979). This indicates that NGF is essential for
the regulation of the transmitter production throughout
life. Secondly, the NGF-mediated TH and DBH induction can
also be achieved in rat adrenal chromaffin cells, which
neither depend on NGF for survival in the early postnatal
period nor exhibit a hypertrophic response to NGF (Otten et
al., 1977). Finally, It was found that the regulation of
NGF-mediated TH Induction takes place at the post-
transcriptional level since it has been reported that the
induction of TH can be abolished by cycloheximide only while
the induction of ODC can be abolished by cycloheximide or
actinomycin D (Otters et al., 1978).
The promotion of fiber outgrowth from embryonic
sensory and sympathetic ganglia by NGF is another
manifestation of the differentiation effect of NGF. This
effect has been employed in the classical bioassay of NGF
(Levi-Montalcini et al'.,1954). The fiber outgrowth is not
only stimulated but the fibers also grow toward the area of
the highest NGF concentration (Levi-Montalcini, 1976). This
chemotactic action of NGF, coupled with the retrograde
axonal transport of NGF have led to the hypothesis that NGF
was being produced by organs innervated by the peripheral
nervous system, which attract nerve fiber outgrowth from the
ganglia towards them. Once the fiber from the innervating
adrenergic'neurons have reached the effector organs, NGF is
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transported retrogradely and act as a messenger of
information transfer between effector organs and the
innervating adrenerg4c neurons (Palmatier et al.* 1984).
However up to now, the production of -NGF by corresponding
cells in vivo has not been found-(Harper, 1980a). Harper in
1980 -repartANd that tissues of-the mouse, rat, and embryonic
chick when placed. in tissue culture produced a_. detectable
amount of NGF (Harper, 1980b). However when the same amount
of tissue homogenized from organs in vivo., no detectable
amount of NGF could been found. This was explained by the
fact that NGF produced by the t issues is being-removed by
retrograde transport In vivo. I n in v t tro condition, the
NGF produced can- accumulate in the culture medium to a level
which can be detected by the assay methods aura i _labl e. So
perhaps even a more sensitive assay method i s required to
demonstrated the existence of NGF in the effector organs of
the peripheral nervous system.
The adrenal msd.u-llary cells and the pheochromocytoma
cells, which have the, same -origin as the syapathe t tc
neurons, also respond to NGF. But they do not depend on
NGF for survival. The morphology of fully differentiated
chromaff in cells i s. trot sensitive to- NGF while immature
chromaff-in cells do respond to NGF and devel-ope into neuron-
like cells (Levi-Hontalcini, 19651- Angeletti et al., 19721
Otten et al., 1977h. Gl ucocort i co i ds at a concentration
normally present in adrenal can abolish this differentiating
action of NGF (Unsicker et al., 1978 Otten et al-* 1976).
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Adult chromaffin cells respond to NGF by an increase in the
TH and DBH levels, but to a less extent than that found in
neurons (Otten et al., 1977). This NGF-mediated induction
of TH Is enhanced by glucocorticoids. A similar behavior
was found for the pheochromocytoma PC12 cells. In the
absence of NGF, this cells behaved like the adrenal
chromaffin cells. However within several days after
addition of.NGF, the cells aquired the phenotypic properties
of normal sympathetic neurons, i.e., the appearance of
synaptic vesicles, cessation of cell division, development
of electrical excitability and a stimulation of, neurite
outgrowth (Taschler and Greene, 1975).
The action of NGF on the central nervous system under
natural condition is still unclear. However specific
binding sites of this protein have been found in the brain
of chick embryos (Szutowicz et al., 1976). Nerve growth
factor seems to have an enhancing effect on the regeneration
of central noradrenerg'ic neurons (Turner and Delaney, 1979).
Anti-NGF has an inhibitory effect on the regeneration of
noradrenergic axons when administered locally at the lesion
(Bjerre et al., 1974). In cell culture of NGF-dependent
neurons, the factor can be replaced by co-cultivation with
glia cells (Norrgren et al., 1980). It has been proposed
that under normal situation, glia cells in the brain may
produce sufficient NGF to sustain normal structure and
function of neurons in the central nervous system. So under
natural conditions, the central monoaminergic neurons are
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not responsive to NGF. However the slight effect of NGF on
the central nervous system may also be explained by that NGF
acts only as an analogue for an as yet unidentified trophic
factor in the central nervous system.
Low level of NGF, around 1.0 ng/ml conditioned medium
or less, have been reported to be produced by several cell
lines including C6 glioma cells (Longo, 1978), neuroblastoma
cells( Murphy et al., 1975), skeletal muscle cells (Murphy
et al., 1977), chick fibroblasts, 3T3 cells, L cells (Oger,
1974), nonneuronal cells of the dorsal root ganglia and the
mouse adrenal medulla cells (Harper et al., 1976). It seems
that the fibroblast cells and the glia cells are the
physiological sources of NGF. However while the
physiological relevant sources of NGF have not been
established, large amount of NGF was found in some
unexpected organs such as the male mouse submandibular
glands, the guinea pig prostate glands (Harper et al.,
1979), the bovine seminal vesicles (Hofmann and Unsicker,
1982) and the venom glands of snakes (Koroly and Young,
1981), all unrelated to the central nervous system and the
autonomous nervous system. These high local concentration of
NGF seems to have no significant role in the nervous system.
Up to date, the best known NGFs are the ones isolated from
the male mouse submandibular gland since it is the richest
and most easily accessible sources for NGF. However since
NGF is not found in the submandibular glands of most other
animals, one cannot help asking whether this NGF is a true
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representive of the intrinsic physiological role of the
NGF .Molecule? Is there any other physiological function
associated with this protein besides its action on the
sympathetic neurons? And as a more fundamental question,
what is the physiologically active form of NGF? One of the
problems that associates with these questions is the
presence of different. Molecular forms of NGF isolated from
different sources. A brief introduction on each fore will
be discussed.
C. Molecular Qrocertles of diffe nt forMS of NGF
C.1. NGFs Isolated from the male wouae sabmandibalar gland
The first NGF molecule isolated from the male mouse
submandibular glands had a molecular weight of the order of
44,000 (Cohen, 1960). It was heat labile, nondialyzable,
resistant to alkaline and 6 M urea, and was destroyed by
acid C 0.1 N) and proteolytic enzymes. Today, three forms
of -NGF, namely 7S NGF, 0 NGF and 2..35 NGF, have been isolated
and characterized from this source. All these forms of NGF
are biologically active.
C.1.a. 7S NGF
The 78 NGF was first isolated troy giana nomQgenatuea
at neutral pH by Varon et al., 1967. This protein displays a
sedimentation coefficient of 78, and from this value, a
molecular weight of 140,000 was. estimated. However it
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behaves anomalously on Sephedex G-100 gel filtration column
and gives an apparent molecular weight of 93,000. It is
composed of three subunits, a, a, and y. The sto ich i ometry
of the complex is 2 y2. The a -subunit has a molecular
weight of approximately 26,000 and an isoelectric point
(pi) of about 4.3. So far no known physiological activity
has been demonstrated-for the a subunit. It is believed that
this subunit may play some regulatory role on the action of
7S NGF since in conjunction with the a-subunit, it inhibits
the esteropept idase activity of the r--subunit (Greene et
al., 1969). The y-subunit is known to be ..an arginine-
spec i f is esteropeptidase (Greene et al., 1968). I t has a
similar molecular weight as the a -subunit and a pI of about
5.5. The enzymatic activity of the y -subunit is inhibited
in the 7S NGF complex. It is now believed that Y-subunit
plays a- role in the processing- of the a-subunit from its
precursor. y-subunit of 7S NGF shows remarkable similarities
to the binding protein of epidermal growth factor( EGF).
However although they have similar molecular weights, amino
acid compositions and substrate specificity, they show only
partial immunological. cross-reactivity. They are not
interchangable in the formation of 7S NGF complex and the
EGF complex. Recent work by Ronne et al. (1984) has
revealed that the a-subunit and Y- subunit are closely
related proteins. They have similar molecular weights,
crossreact immunologoically, and belong to the same serine
rotease family. However the highly conserved sequence in
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the N-terminal region which are critical for the enzymatic
activity of the Y-subunit has been replaced in the a-
subunit. So the a -subunit is enzymatically inactive.
The 7S NGF contains one or two zinc ions, the
concentration of which dramatically affect the stability of
the 7S complex which is stable only between pH 5 and 8
(Pattison, 1975).. Outside this pH range, 7S NGF dissociates
reversibly into subunits. It also dissociates upon
dilution. At a total 7S NGF concentration as high as 50
ug/ml, little 7S NGF remains intact. So at physiological
relevant concentration, no 7S NGF can be found. The 7S NGF
when maintained intact by an excess of the a- and Y-subunits
cannot bind to receptors on dorsal root ganglia. Similarly,
when the subunits in 7S N-GF are chemically cross-linked, the
complex becomes biologically inactive. It seems that the
complex has to dissociate into its constituents before it
can exert its biological action on the neurons.
C.l.b. NGF
Of the three subunits of 7S NGF, only the NGF
subunit displays biological activity, with a potency of 1 to
10 ng per biological unit C B.U.) depending on the
conditions of the bioassay system. The -NGF has a
sedimentation coefficient of 2.5S and a molecular weight, as
determined by sedimentation equilibrium, of 26,500. It is a
dieter with two identical chains held together by noncovalent
bonds. NGF has a pI of 9.3. Each monomer is composed of
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118 amino acids and the sequence of which has been
determined( Angelettl, 1973). It shows sequence
similarities with the insulin and proinsulin( Bradshaw et
al, 1979 Frazier et al, 1972). The intact NGF dimer can
be obtained only from the dissociation of the purified 7S
complex. It seems that the NGF is protected from
proteolytic cleavage only in the complex form. Attempt to
purify I3 NGF directly from tissue extract under dissociating
conditions, resulted in the isolation of 2.5 S NGF.
C.1.c. 2.5S NGF
Like the NGF, 2055 NGF is a dieter of two similar
peptide chains held together by noncovalent bonds. The
main difference between them is that in 2.5S NGF, one or
both COOH-terminal arginine and/or one or both N-terminal
octapept ides have been removed by endopeptidase and
carboxypeptidase activity present in the submandibular
gland. The endopeptidase responsible for the cleavage have
been isolated and characterized. This 2.55 NGF is still
biologically active. However removal of the COOH-terminal
arginine residues has rendered its recombination with the 1-
subunit impossible and hence 7S NGF cannot be formed.
There i s still some disagreement about the
physiologically active form of NGF, whether it exists as a
dimer or monomer at low C physiological relevant)
concentration of I3NGF or-2.5S NGF. Young et al. (1976)
rannrted a dissociation constant of 9.4 x 106 M-1 and
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suggested that the physiologically active NGF is a monomer
since at 1 ng/ml, monomer accounts for greater than 99% of
the total NGF species. However results from Bothwell and
Shooter in 1977 indicated that dissociation of NGF did not
occur even at concentrations as low as 10-11 M. In
addition, they clearly showed that at low concentrations,
NGF sticks to Sephedex even in the presence of albumin, so
that the elution is retarded, giving the erroneous
impression of a smaller molecular weight. This nonspecific
interaction of NGF with the gel matrix could be minimized
with Bio-Gel columns equilibrated with albumin and
protamine, and the elution pattern for the dimer could be
obtained at 10-11 M NGF. Besides, no dissociation could be
detected with sedimentation equilibrium at 2.5 x 10-9 M or
sucrose gradient centrifugation at 10-11 M. These evidences
suggest that NGF in the body fluids is a diner.
Hence, for its action on the peripheral nervous
system, 7S NGF is not the physiologically relevant species.
The origin and role of 7S NGF could be viewed in the
following ways. First, it could be a storage form of NGF
within the mouse submandibular gland. Second, based on the
enzymatic activity present in the Ysubunit, it could be
that 7S NGF is a by-product of, or plays a role in the
conversion of a larger pro-NGF to 1NGF. Finally, it is
possible that 7S NGF arises during the course of isolation
and purification and does not exist in the mouse salivary
gland.
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C.2. NGF isolated from mouse sa11v
High levels of biologically active NGF, mainly 7S NGF,
are present in the saliva of epinephrine treated animals
(Burton et al., 1978). The 7S NGF obtained from saliva
differs from that of the submaxillary gland in subunit
composition. The salivary 7S NGF apparently has a larger
portion of the NGF with their N-terminal octapept ide
removed. The stability of 7S NGF from the submandibular
gland is a function of both NGF concentration and the
concentration of free zinc ion. The total zinc ion
concentration in saliva is very high( 10-4 M). Even if
most of it is complexed with other constituents, the
residual free zinc ion concentration is likely to be of the
order of 10-7 M. It follows that 7S NGF, which is present
in epinephrine-elicited saliva at a concentration of
approximately 3.5 mg/ml, will be completely stable. The
presence of large quantities of 7S NGF in saliva may
indicate that there is some undisclosed roles for the 7S
NGF, perhaps on the gastrointestinal system. Since the
mouse submandibular gland is unique with regard to its
synthesis of NGF and it is exocrine rather than endocrine
for the NGFs, it is of interest to find out whether 7S NGF
is also produced by other tissues.
C.3. NGF from L cell culture
With the bacteriophage immunoassay of NGF (Young et
19
al, 1979), mouse L, 3T3 cells, and normal primary chick
embryo fibroblast cultures were found to produce a
biologically active nerve growth factor that is
immunologically similar, if not identical, to that from
mouse submandibular gland C Oger et aI., 1974 Young et al.,
1974). These findings suggest that secretion of this
factor may be a general property of fibroblasts. I f so,
this could explain why NGF activity is found in granulation
tissue and why removal of the submandibular glands only
reduces the serum concentration temporarily. Two NGF-like
molecules were detected in the conditioned medium of the
L929 cell line by 13-NGF radioimmunoassay C Pantazis, 1983
Pantazis et al., 1977). One of these molecules has a
molecular weight of greater than 300, 00-0 while the other has
a molecular weight of approximately 50,000.
Rad i o i mmunoassays specific for the a and y subunits of the
7S NGF revealed that these two subunits are not present in
the fibroblast NGF molecules. It is possible that 3-NGF
synthesized by the fibroblasts is bound to other cellular
components, yielding molecules of higher molecular weight.
Hence the NGF produced by the fibroblast cells which has the
same biological activity as that of mouse NGF does not exist
in the 7S NGF form. This finding confirms our speculation
on other physiological role play by the 7S NGF molecule.
However, since L929 is a malignant cell line, result
obtained from it cannot extrapolate directly to the normal
cells. It would be more'valuable to study the molecular
oropert ies of the NGF-like molecules secreted by the normal
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fibroblasts.
By a quick look into the molecular properties of the
NGF Isolated from different sources, it is of interest to
find out that the low molecular weight I3NGF which consists
of a dieter, is present in nearly all the NGF molecules
isolated.. In mammalian sources, this low molecular weight
species is found. to be contained within a high molecular
weight form. The molecular property of this high molecular
form differs from different sources. This may indicate that
the low .molecular weight form is responsible for the action
of NGF on the peripheral nervous system while the high
molecular forms have other-physiological function.
D. Other possible hys iological role of NGF
The results from the exper-irnents by Li et al., 1980
indicate that promotion of. Mound healing may be one of the
possible physiological,- funat-ions of the high molecular
weight form NGF present in the saliva. When purified high
molecular weight NGF Is applied topically to superficial
skin wounds of sialoadrenectomized-Mice, the rate of wound
contraction is significantly and consistently accelerated.
This effect is not displayed-by 2.5S NGF. Hence the mutual
licking observed between mice may be involved in promoting
wound healing and the-submandibular glands may play a role
in this process. And this can also explain why NGF is found
in the submandibular glands of mice but not of that in rats.
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Since the submandibular gland is regarded as an
exocrine organ for growth factors( Murphy et al., 1980),
it was suspected whether NGF might play a similar role in
the digestive tract. Contrary to expectation, results from
such studies revealed that the high molecular weight NGF
isolated from mouse caused a significant increase in the
number of gastric ulcers while 2.5$ NGF elicited only the
control number of gastric lesions. The biological meaning
of this contradictory effect of the high molecular form NGF
on different site of lesion is unknown. This problem may
be solved if NGF from the submandibular glands of another
species are available for further studies.
In 1981 Ueyasma et al. discovered the presence of
large quantity of NGF activity in the submandibular gland of
shrew (Suncus murinus). Ueyama was led by the finding
that the histological characteristics of the submandibular
glands of the species of the Crocidurinae( Insectivora
Soricidae) are similar to that of the mice. Suncus murinus
is also a member of the insectivora. By biological assay,
they found that the submandibular gland of Suncus murinus
contained 2.5 x 104 B.U. NGF/organ while the male mouse
submandibular gland contained 4.9 x 104 B.U./organ. This
study was followed up by Nishlyama et al.. They reported
the isolation and some properties of a new nerve growth
factor from the shrew submandibular gland C Nishlyama et al,
1982). The purification-scheme used was a combination of
r,hrnmA toarahv using Sephadex G-100, CM-cellulose and
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Sephadex G-100 columns. The purity of the protein was shown
by its homogeneity in disc polyacrylamide gel
electrophoresis. The yield of the purified shrew NGF was
only 0.16 mg from 75 organs. By double immunodiffusion
studies, crossreactivity with mouse NGF could not be
detected. SDS-gel electrophoresis of this shrew NGF gave
two bands, corresponding to the molecular weight of 11,900
and 12,400 respectively. They suggested that the low
molecular weight band may correspond to NGF molecules
lacking several terminal amino acid residues, just like the
mouse 2.5 S NGF. Since then, no more work on this shrew NGF
was reported. The difficulties in keeping and breeding
Suncus mur i n us in the laboratory may hamper this field of
study. In order to carry out further studies on this shrew
NGF, the yield of the isolation procedures should be
improved. So in this Investigaiton, a purification scheme
with higher yield of the low molecular weight shrew NGF was
reported together with some more characterization of the
shrew NGF.
E. The shrew
The musk shrew, Suncus murinus( Insectivora
Soricidae Crosidurinae) is generally considered as the
most primitive of Eutherians (Simpson, 1945). They have
persisted with little change since the Cretaceous era with
the retention of many primitive characters.
Phylogenetically, the Insectivora are the direct ancestors
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of the primates.
The genus Suncus of about 20 species is found in
Africa, Madagascar, southern Europe, southern Asia,
Philippine islands 'and New Guinea. S. murinus has become
accustomed to living in and around human habitations. They
are found in fields, villages and cities of the entire
Kwangtung Provinces. After rats and mouse, it is the most
common wild mammal in urban and rural areas around Guanzhou
(J.X. Xin, personal communication, manuscript in
preparation).
Shrews are small mammals with a high metabolic rate.
They usually inhabit moist areas and are abundant in lake
shores or near water channels where there is plenty of
holes. Because of its small size# environmental temperature
and humidity limits are factors that govern their
distribution. Consequently, they have markedly restricted
habitat.
Shrews look like mouse but with a slender body, short
legs and pointed noses. They have weak eyesight but
sensitive in hearing and smell. They are usually dark brown
to grey in colour. The males of the genus have a large,
well developed scent gland on the flanks, from which their
strong, musky odor Is derived. They are insectivorous and
carnivorous. The diet consists mainly of insects, but it
also Includes animal carcass, human food refuse and small
worms. They cannot survive on the strength of a
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carbohydrate-rich diet C Balakrishnan and Alexander, 1979).
They are noctural and extremely nervous animals. When
frightened or trapped, they can easily die of shock.
Since phylogenetically shrew is nearer to human than
mouse, there is an increasing interest to replace rodents
with shrew as an animal model in reproduction research.
However shrews are extremely nervous wild animals and their
food requirement is very high due to their high metabolic
rate. This: made the domestication of this animal difficult.
The shrews used in this investigation were captured from the
wild 'by non-traumatic traps. Most of the materials used
come from abandoned fields in a small village near Tung
Kwoon, 100 Km north of Hong Kong.
The presence of high molecular weight NGF In rich sources of
Four rich sources of NGF have been found in mammals
today, including the male mouse submandibular glands,* the
guinea pig prostate glands (Harper et al., 1979), the bovine
seminal plasma (Harper et al., 1982), and the shrew
submandibular glands (Ueyama et a1.,1981). Review the
studies on the isolation of nerve growth promoting activity
from these sources, it was found that the activity was
originally present as a high molecular weight form in the
crude extract.
In 1982, Harper et al. suggested that all the NGF
activity in crude bovine seminal plasma exists as a high
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molecular weight complex ( HMW-BNGF) because all the NGF
activity was eluted from Sephadex G-100 or Sephacryl S-200
gel filtration columns ( at pH 6.8-7.5) at. positions
exactly analogous to those observed for mouse 7S NGF C Varon
et al., 1967 Stach et al.,1977). However unlike the
mouse 7S NGF, this HMW-BNGF does not bind to DEAE-cellulose
column at pH 6.8 and does not dissociate into its components
at pH 4.0, even 1 mM of EDTA was used to sequester putative
zinc ions which was known to stabilize the quarternary
structure of mouse 7S NGF. The bovine complex has to be
acidified to pH 3.0 before it dissociates. A similar HMW-
BNGF was reported 'by Hofmann and Unsicker (1982) during
their studies of the NGF activity from the seminal vesicle
extract ( SVE) of the bull. They found that the high
molecular weight bovine SVE NGF has a higher tendency to
dissociate as compared to mouse NGF. At a lower protein
concentration and a slower flowrate, 11.5 ml/hr, the
biological activity of SVE eluted from a Biogel A 1.5 M
column at a lower molecular weight corresponding to that of
a NGF. Under the same conditions, the mouse NGF activity
would still exist in the 7S complex. They also failed to
detect any arginine esterase activity associated with this
biologically active protein and suggested a different
subunit composition of the HMW bovine SVE NGF.
The presence of a high molecular weight form Of N(ir in
the guinea pig prostates was revealed by the works of
Chapman et al. (1981). They showed that the nerve growth
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promoting activity of the guinea pig prostate glands was
also eluted from Sephadex G-100 column( at neutral pH ) at
the high molecular weight position. Like the bovine NGF, a
more extreme condition, pH 3.0, was required to dissociate
this high molecular weight NGF to its low molecular weight
form. Esteropeptidase activity was found in this
biologically active species. This result contradicts to
that of Blum et al. (1980) who fail to detect any arginine
specific esteropeptidase activity for the guinea pig
prostate NGF.
Although the presence of high molecular weight form
NGF have been reported for various mammalian sources, the
isolation of such NGF species has only been achieved from
the mouse. The subunit structure of this 7S NGF from mouse
has been well characterized and possible physiological
functions associated with this high molecular species have
been reported (Server & Shooter, 1977). However, problems
concerning its contradictory action on different lesion
positions and the roles played by its subunits still
remained unresolved (Li et al., 1980). Perhaps the
isolation of another high molecular weight NGF species from
a different source can help us to solve these problems.
In this investigation, attempts were made to isolate
and partially characterize both the high molecular weight





II. MATERIALS AND METHODS
Shrews (Suncus murinus) were captured from rural
areas in China. The submandibular glands were dissected and
immediately frozen before transportation to Hong Kong. They
were then stored frozen at -70°C until use. The photograph
and the photomicrograph show the location, general external
morphology and detail histological structure of the shrew
submandibular gland. Sephacryl S-200 and Sephadex G-100
were obtained from Pharmac i a. DEAE- and CM-cellulose
(microgranular form) were from Sigma. Thrombin and chick
plasma for the bioassay were also Sigma products. The
culture medium were purchased from G i bco while the 2 4-
mul t iwe l l plates were from Falcon.
A. Isolation of a high molecular weight NGF species- fro
the shrew submandibular glands
A.1. Homogenization
Male shrew submandibular glands( wet weight: 28.8 g)
were homogenized in 100 ml of 0.01 M phosphate buffer, pH
6.8. Homogenization was carried out by polytron PT-10 at
maximum speed for 30 seconds, several times. The homogenate
was centrifuged at 39,000xg at 40 for 45 min. The super-
natant was then filtered through glass wool. In order to
prevent overloading of the Sephacryl S-200 column, only 50
ml (total volume= 85 ml) of the filtrate was used in the
subsequent steps of isolation which were carried out at 40.
Photograph 1.
Location and general morphology of shrew submaxillary gla«u.
The shrew was dissected at the neck region and the
submaxillary glands was indicated by the arrows. The glands
are more solid and compact than the mouse submaxillary
glands. They are about half cm in length and width.
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Photograph 2.
Transmission electron micrograph of male shrew submaxillary
gland showing the granular convoluted tubules.
The fresh tissue was fixed in glutaldehyde-osmic acid and
then embedded in resin. Sections were cut at 600 A, then
stained with uranyl-acetate, followed by lead citrate.
Similar to that found for the mouse submaxillary gland, most
of the area of the cytoplasm near the lumen was occupied by
the secretory granules.
Electron microscopy was performed through courtesy of
Professor J. Lee, Morbid Anatomy, Faculty of Medicine,
C.U.H.K., with competent service provided by Mr. W.Y. Chan.
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A.2. Sephacryl S-200 gel filtration column
Sephacryl S-200 was obtained in hydrated form from
Pharmacia. The 39, 000 x g supernatant filtrate of the
homogenate was applied in a volume of 50 ml to a Sephacryl
S-200 column (3.2 x 140 cm) equilibrated and eluted by the
same buffer of 0.05 M Tris-HC1, pH 7.4. The flowrate was
maintained at 80 ml/hr by a peristaltic pump (LKB) and
fractions of 16 ml were collected. The fractions were pooled
accordingly and bioassay was done for each pool. The S-200
pool was applied directly to the DEAE-cellulose column.
A.3. DES -ce11uose chromatograhv
DEAE-cellulose in microgranular form was obtained from
Sigma. To prevent possible overloading of this column, the
Sephacryl S-200 pool was applied to the DEAE-cellulose
column by two batches. The sample was directly loaded to a
DEAE-cellulose column C 3.2 x 20 cm) equilibrated with 0.05
M Tris-HC1 buffer, pH 7.4, at a flowrate of 400 ail/hr
maintained by the LKB pump operating at maximum speed. The
column was then washed with 500 ml buffer before a linear
gradient of 0-0.2 M NaCl in the same buffer C total volume
of 1,600 ml) was used to elute the column. Remaining
protein on the column was removed by two step gradients of
0.6 M and 2.0 M NaCI. The column was then re-equilibrated
with the starting buffer again before the application of the
second batch of the S-200 pool. Fractions of 10 ml were
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collected. The fractions were pooled and each pool was
subjected to bioassay. After a storage time of two weeks at
40, very weak biological activity could be observed for the
DEAE-cellulose pool. As a result, no further work could be
done in this isolation. In order to solve the remaining
story of the isolation of a HMW shrew NGF, work on another
batch of shrew submandibular gland was started off.
Homogenization was carried out in the same way as described
previously.
30 g (wet weight) shrew submandibular glands was
extracted thrice with the phosphate buffer in the presence
of 5 mM Phenylmethylsulfonylfluoride (PMSF). Then the
supernatant of the total extract was lyophilized and the
lyophilized powder was dissolved in 140 ml distilled water
again. Only half of this extract was used in the subsequent
steps of the isolation. The Sephacryl S-200 and the DEAE-
cellulose columns were performed as before. Then the DEAE-
cellulose pool was concentrated by ultrafiltration to
approximately 10 -ml.
A.4. Sephade x G-150 gel filtration colupan
The concentrated DEAE-cellulose pool was applied to a
Sephadex G-150 column( 2.0 x 96 cm) equilibrated with 0.05
M phosphate buffer, pH 6.8. Fractions of 3 ml were
collected at a flowrate of 15 ml/hr. The column was
calibrated with the following standard proteins: aldolase
(158,000), ovalbumin( 43,000), chymotrysinogen A (25,000)
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and cytochrome c (12,500). The biologically active
Sephadex G-150 pool was concentrated by ultrafiltration to
several ml and was then lyophilized.
B. purilfcation of a low molecular welght NGF specles from
the shrew submandibular gland
B.1. Homogenizatior
In a typical experiment, 13.5 g shrew submandibular
glands (from 40 males) were homogenized in 150 ml of 0.01 M
phosphate buffer (10% w/v) pH 6.8 containing 5 mM
phenylmethylsulfonylfluoride (PMSF) and 5 mg leupeptin.
Homogenization was carried out by polytron PT-10 at maximum
speed for 30 seconds, twice. Homogenate was then
centrifuged at 39,000 x g at 4° for 50 min. The residue was
rehomogenized with 100m1 of 0.01 M phosphate buffer and the
homogenate was centrifuged at 3-9,000 x g at 4° for 50 min.
This step was performed twice. The supernatant from the
three homogenization were then pooled, filtered through
glass wool and lyophilized. All subsequent steps were
carried out at 4°.
B.2.Sephacryl S-200 gel filtration
The Sephacryl S-200 column used here was same as znati
used in the isolation of the high molecular weight NGF
species. The lyophilized powder was dissolved in 70 m l
distilled water. The reconstituted solution was filtered
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through glass wool again. The filtrate was then loaded to a
Sephacryl S-200 column C 3.2 x 137 cm) equilibrated and
eluted with 50 mM Tris-HC1 buffer, pH 7.4. The flowrate was
86ml/hr and 20 ml fractions were collected. The elution
profile was obtained by reading absorbance at 280 nm.
Fractions were pooled accordingly and NGF activity was
assayed for each pool.
B-3. Cer o thyl -ce11 ulosechromatograghy
Half of the Sephacryl pool( 122 ml) was dialyzed
against 2 litres of 0.1 M sodium citrate buffer( pH 3.0)
for 2 days. The precipitated protein was removed by
centrifugation at 7,500 g for 35 min. The residue was
homogenized in the same citrate buffer by polytron PT-10,
maximum speed for 30 sec. The homogenate was centrifuged at
8,000 g for 35 min. The supernatant from the two
centrifugation was pooled and the pH was adjusted to 4.0 by
1 N NaOH. The solution was then applied to a CM-cellulose
column( 3.2 x 10 cm) equilibrated with 0.05 M sodium
acetate buffer, pH 4.0. The column was washed with 200 ml
of 0.05 M sodium acetate buffer, pH 4.0, followed by 300 ml
of 0.05 M sodium acetate buffer, pH 5.0. The column was
then eluted with a linear gradient of sodium chloride( to a
final concentration of 1 M, total volume of 1 1) in the
same buffer. Fractions of 10 ml were collected at a
flowrate of 100 gal/hr maintained by a peristaltic pump.
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B.4. Sephadex G-100 gel filtration
The CM-cellulose pool with NGF activity as revealed
by bioassay was concentrated by ultrafiltration( Amicon)
to about 2.6 ml. The solution was loaded to a Sephadex
G-100 column (1.9 x 104 cm) equilibrated with 0.1 M sodium
citrate buffer, pH. 3.0 and eluted with the same buffer.
Fractions of 2 ml were collected at a flowrate of 15 ml/ hr.
The absorbance of each fraction was determined. Fractions
were pooled and NGF activity was assayed for each pool. The
pool containing NGF activity was dialyzed overnight against
1 1 0.2% acetic acid and then lyophilized. The column has
previously been calibrated with the following standard
proteins applied individually to the column
chymotrypsinogen (25,000), ovalbumin (43,000), and bovine
serum albumin (67,000).
C. Chemical and biological characterization
C.I. Tissue culture assay for the nerve growth factor
activity
Aliquots of the supernatant of gland homogenate and
the various column pools were submitted to Levi-Montalcini's
se miquantitative biological test for nerve growth factor
activity( Levi-Montalcini et al, 1954).
Chick embryos, 8 to 9 days old, were dissected
ventrally on plastic culture dishes( 30 mm diameter) under
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a Kyowa binocular microscope ( 100 X magnification). The
clearly visible sensory ganglia were separated from the
spinal cord by an iris scissor and transferred with a fine
forcep to a small pool of Minimum Eagle's medium ( HEM)
contained in another culture dish. Ganglia from several
embryos were randomised.
Twenty five ul of the MEM cotaining 1.25 NIH units of
thrombin was placed in each well of the 24 multiwell culture
plates. Two ganglia from the randomized pool were placed in
each well. To each well 25 ul of the test solution or
standard C 2.5S NGF obtained from the Collaborative
Research, Inc. ) was added. Finally 25 ul of chick plasma
was added to each well and the content was mixed thoroughly
by gentle swirling. The culture plates were incubated at
37° in a humidified atmosphere containing 5% C02. The fiber
outgrowth from each ganglion was viewed under microscope
( 100X magnification ) after an incubation time of 18 - 20
hours. The outgrowth responses were scored according to
.established criteria ( Fenton, 1970 ). The criterion of
score is maximum density and length of fiber outgrowth
occurring together for optimal fiber outgrowth which is
assigned as index 4 and corresponding to one biological unit
(B.U.) of NGF. A biological unit of NGF has been defined as
the protein content of the factor per ml tissue culture
medium necessary to obtain a dense halo of nerve fibers
within the first 20 hr of culture (Cohen, 1960; Levl-
Montalcini et al., 1960). Decreases in density, fiber
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length, or both, were scored progressively downwards.
Increase in density of the fiber halo concomitant with a
reduced fiber length (index 5-8) was obtained for
supraoptimal concentration of NGF. Since supra-optimal, or
overdose of NGF would cause apparent inhibition of neurite
outgrowth, a serial dilution of each sample were made for
the test. Phosphate buffered saline, pH 7.4, was used for
the dilutions. The dilution factor of a sample that induces
the optimal fiber outgrowth provides an estimation of
the potency of the sample.
C. 2. Measurement of the enzymatic activity
The arg i n i ne esteropeptidase activity was assayed
according to the procedures of Greene et al.( 1968)
using a -N-benzoyl-L-arginine ethyl ester (BASE) as
substrate. The BAEE was obtained from Sigma. The 3 ml
assay medium contains 1 mM BAEE and 66.7 mM phosphate buffer
at pH 7.0. Reaction was initiated by the addition of 0.1
ml of the samples. The rate of hydrolysis was monitored at
253 nay with a Varian Model 210 spectrophotometer.
Temperature was maintained at 25° with a circulating water
bath. Specific activities were reported as umoles of BAEE
hydrolyzed per min per mg protein for the linear portion of
thsa reaction
C.3. Radiolmmunoassay ( RIA )
The 7S NGF was prepared by the method of Stach et al.
38
(1977) from the submaxillary gland of 99 adult male mouse.
This purification yielded 34 mg of purified material. The
purity of which was judged by sodium dodecyl sulfate
electrophoresis( 15% gel) and electrophoresis in the
bistris-tes system( 7.5% gel) alongside with the standard
7S NGF purchased from the Collaborative Research, Inc.. The
biological activity was 4.7 ng/B.U. The NGF was obtained
from this 7S NGF by the method of Smith et al (1968).
The NGF, prepared as described above, was iodinated
by the lactoperoxidase method (Marchalonis, 1969 Thorell
and'Johansson, 1971). Five ug NGF in 10 ul water, 20 ul 0.4
M sodium acetate buffer, pH 5.6, and I mCi of carrier free
Na 1251 (Amersham) were mixed with 10 ul lactoperoxidase
(Calbiochem, 5 mg/ 10 ml) and 10 ul 0.003% H202- After 30
sec at room temperature, the reaction was terminated by
dilution with 100 ul tran.sfer buffer and 50 ul 5% BSA. The
whole reaction mixture was applied to a Sephadex G-50
column( 1 x 50 cm) equilibrated with 0.05 M phosphate
buffered saline, pH 7.6. Fractions of 1 ml were collected
i-n tubes containing I drop of 5% BSA. Three peaks were
eluted from the column. Only the second peak contained the
i mmunoreact i ve iodinated NGF. The first peak may due to
damaged protein and the third peak contained the unreacted
labelled iodide.
The 2.5 S NGF and NGF antiserum from rabbit were
purchased from the Collaborative Research, Inc.. Goat anti-
rabbit antiserum and carrier were obtained from Wellcome.
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The double antibody method was employed for the RIA of
NGF( Walker et a], 1980). The buffer for the RIA was 0.05
M phosphate buffered saline( PBS), pH 7.4, containing 0.5
%. bovine serum albumin and 0.01% thimerosal. The final
incubation volume was 300 ul, including 100 ul standard 2.55
NGF solution( the range of concentration was from 0.1 to
5.0 ng) or test sample, 100 ul of the NGF antiserum in an
initial dilution of 1:80,000, and 100 ul of the radiolabeled
NGF( about 10,000 cpm). The NGF antiserum was diluted to
bind approximately 30% of the 125I-NGF added. Incubation
was carried out at 4° for 24 hrs in disposable polystyrene
tubes (12 x 75 mm). Then 100 ul of the second antibody and
100 ul of carrier were added. Incubation was continued for
another 18-24 hrs. Finally, 1.5 ml PBS was added and the
tubes were centrifuged at 2,000 g for 30 m i n at 4°. The
supernatant was decant immediately. The pellet was counted
in a gamma counter( Bechman 4000).
C.4. Molecular weight determination by HPLC-gel filtration
HPLC was carried out on a Waters associates system.
The TSK G3000SW column( 7.5 mm x 30 cm) was obtained from
LKB. The buffer used was 0.1 M sodium phosphate, pH 6.8,
containing 0.1 M NaCl. The NaCl was added to reduce
adsorption of the NGF on the column. Flowrate was
maintained at 18 ml/hr with a pressure of 400 psi. The
molecular welght standards used were cardlotoxin (M.W.
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7,250), cytochrome c (M.W. 12,500), ribonuclease A (M.W.
13,700), soyabean trypsin inhibitor ( M.W. 20,000), mouse
NGF (M.W. 26,500), ovalbumin (M.W. 43,000) and bovine
serum albumin (M.W. 67,000).
C.5. Electrophoresis
C.5.1. Molecular weight determination by sodium dodecy
sulfate C SDS) electrophoresis
SDS electrophoresis was carried out by the method of
Laemmli( 1970), in a slab gel system. Electrophoresis was
run in 15% polyacrylamide gels in the presence of 1%
sodium dodecyl sulfate. Sample proteins were usually
dissolved in distilled water and then diluted two fold by
the SDS sample buffer containing 0.125 H Tris-HCl buffer, pH
6.8, 2% SDS, 2% -mercaptoethanol, 20% glycerol and 0.004%
bromophenol blue. The sample solution was then boiled at
1000 for 5 min before applying to the gel. Low molecular
weight calibration kit was obtained from Pharmacia which
includes six protein standards: phosphorylase b( 94,000),
albumin( 67,000), ovalbumin( 43,000), carbonic anhydrase
( 30,000), trypsin inhibitor( 20,100), and a-lactalbumin
(-14,400). Electrophoresis was carried out at 30 mA for
3-4 hrs at room temperature. After the run, the gel was
fixed in 10% trichloroacetic acid( TCA) and stained by
the silver staining method (Merril et al., 1984). In order
to reduce the background staining, all the reagents used in
the electrophoresis were made up with double distilled
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water.
C.5.11. Disc electrophoresis using the -alanine-potassium
hydroxide system
This electrophoresis was performed according to the
method of Reisfeld et al.( 1962) using the slab gel
apparatus. Electrophoresis was carried out at 25 mA for 4
hrs at room temperature. The gels were also fixed in 10%
TCA and stained by the silver staining method (Merril et
al., 1984).
C.6. Fluorescence emission spectrum
The spectrum for the low molecular weight shrew NGF
isolated was obtained by the Hitachi fluorescence
spectrophotometer 650-10 M. The excitation wavelength used
was 280 nm and the slit for both the excitation and emission
1ights were set at 2 nm.
C.7. Amino acid compositioi
The amino acid composition of the purified shrew NGF
was done in Oklahoma Medical Research Foundation through the
courtesy of Dr. N.S. Wong and Professor J. Tang. The sample
was hydrolyzed by 6 N HCl under reduced pressure at 1100
overnight. Tryptophan content was determined by the
spectroscopic method of Edei.hoch (1967).
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C.8. Determination of the tryptophan content of shrew NGF
Ultraviolet spectrum of purified shrew NGF was carried
out with a Varian model 210 spectrophotometer. The sample
was dissolved in 10 mM ammonium acetate buffer, pH 6.5, at a
concentration of I x 10-5 M. The protein concentration was
measured by the method of Lowry (1951). Near UV absorption
spectrum was obtained after autobaseline subtraction.
Protein Determination
Protein content was assayed by the method of Lowry
(1951) or by the dye-binding assay of Bradford (1976). The
Coomassie Brilliant Blue G-250 used in the dye-binding assay
was obtained from Bio-rad. This protein assay is based on
the observation that the absorbance maximum for an acidic
solution of Coomassie Brilliant Blue G-250 shifts from 465
nm to 595 nm when binding to protein occurs. In both




A. The pre sence of the nerve growth factor biological
activity in the hoaogenate of the shrew submandibular
la ds
When the 39,000 x g supernatant of the total
homogenate was subjected to the bioassay, fiber outgrowth
from the ganglia was observed as shown in Fig.!, indicating
the presence of NGF-like activity in the homogenate. Dose
response curves were done for both the homogenate and the 7S
NGF standard( from Collaborative Research, Inc.) (Fig.2).
The protein range used for the standard was 12.5-100 ng/ as l
while that for shrew extract was 10-100 ug/ml. They show
some degree of parallellsm which further support the
presence of NGF-like molecules in the shrew subMandibular
gland. The NGF activity f o-und in shrew s ubmand i bu l ar gland
is 25,000 BU/g wet weight tissue while the corresponding
value for mouse submaxillary gland is 96000 BU/g wet weight
tissue (Hofmann and Onsicker, 1982).
3. Isolation of the high Iecular weight NGF species
from the shrew submandi bu 1 ar al nds
B.1. SeDhacryl S-200 column
The 39,000xg hosoge pate supernatant wnicn conzainea
1.75 x 105 biological units( B.U.) was passed through the
Sephacryl 5-200 column. The elution profile obtained by




Effect of mouse 7S NGF and the shrew submandibular
Fig.1
gland extract on fiber outgrowth in chick embryonic
sensory ganglia in tissue culture. (a) 7S NGF,100 ng/ml
(b) shrew submandibular gland extract, 15.8 ug
protein/ml,' (c) shrew S-200 pool, 2. lug/ml (d)
control.
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Dose response curves for the mouse 7S NGF( •,ng/ml) and
Fig.2
shrew submandibular gland extract ( , ug protein/ml) on

















shown in Fig.3. Most of the NGF activity was eluted near the
void volume, at a position analogous to that observed for
the mouse 7S NGF on the same column. This S-200 pool, total
volume 287.5M1, contained 1.00 x B.U. B.U. NGF activity.
Hence the recovery of activity in the S-200 pool was 57%
while the total recovery from the column was 80%. Nearly
100% of the absorbance units charged to the column was
recovered.
B.2. DEAE-cellulose column
An aliquot of 132 ml of the S-200 pool was loaded onto
the DEAE-cellulose column. In some preliminary experiments
with 15 ml S-200 pool and a DEAE-cellulose column (3.2 x 5
cm), two linear gradients of 0-0.2 M and 0.5-1.0 M NaCl
were used to elute the column. The results showed that NGF
activity was eluted as the last peak from the first gradient
and nearly all the biological activities charged to the
column were recovered. Subsequently, in this experiment, a
linear gradient of 0-0.2 M NaC1 was used to elute the
protein. The elution profile was shown In Fig-4. NGF
biological activity was also found in the last peak eluted
by this gradient. This DEAE-cellulose pool contained 1.25 x
104 B.U.. Hence the recovery in biological activity was
only 25% which was quite different from what we obtained
during the preliminary run. About 94 % of the total
absorbance units charged to the column was recovered. In a
second attempt with the ramaining sample, the recovery in
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Chromatographic elution profile of shrew submandibularFig. 3
gland extract on Sephacryl S-200 column
The submandibular gland extract (50 ml) was applied to
Sephacryl S-200 column (3.2 x 140 ml) at a flowrate of
80 ml/hr and was eluted with 50 mM Tris-HC1 buffer, pH
7.4. Fractions of 16 ml were collected. Absorbance at
280 nm ( ) was obtained after 31 fold dilutions of the
eluate. The fractions were pooled and bioassay was
done for each pool. The bars represent NGF activity in
the pools. Bars are not shown for those pools with
little or no activity. The fractions under the





























Fig. 4 Chromatographic elution profile of the shrew S-200 pool
on DEAE-ce11u1ose column (3.2 x 20 cm)
The S-200 pool (132 ml) was applied to the column at a
flowrate of 400 mlhr. The column was washed with 50
mM Tris-HCl buffer, pH 7.4 and then eluted with a
linear gradient of 0-0.2 M NaCl in the buffer (total
volume, 1600ml). Fractions of 10 ml were collected.
The fractions were pooled and bioassay was done for
each pool. The bars represent the NGF activity
present in the pools. Where bars are not shown, there
is little or no NGF activity in the pools. The

































































NGF activity from the DEAE-cellulose column was about 52%.
The biological activity found in the DEAE-cellulose pool was
3.6 x104 B.U. while that in the S-200 pool was 6.9 x 104
B.U.. Precipitation occurred during the concentration
procedure which was removed by centrifugation at 7P500 g for
30 rains. The supernatant was then charged to the Sephadex
G-150 column.
B.3. eQhadex G-150 co1ung
The elution profile of this column was shown in Fig.5.
Most of the proteins was eluted at the void volume. However
the biological activity was found to be associated with the
second peak. Biological activity found in this G-150 pool
was about I x 104 B.U. which was only 28% of that found in
the DEAF-cellulose pool. The molecular weight of this
protein as estimated by calibrating the G-150 column was
found to be 75.500 (Fi.6)
B.4. HPLC-gel filtration
When the protein obtained from the Sephadex G-150
column was subjected to HPLC-gel filtration, a single peak
with a faint shoulder on the leading edge was obtained as
shown in Fig.7. From the calibration curve of this column
(Fig. 8), an apparent molecular weight of 58,000 was found
for this high molecular weight shrew NGF.
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Fig. 5.
Chromatographic elution profile of the concentrated DI A-
cellulose pool on Sephadex G-150 column( 2.0 x 96 cm)
The concentrated DEAE-cellulose was passed through the
column at a flowrate of 15 ml/hr. The eluting buffer was 50
mM sodium phosphate, pH 6.8. Fractions of 3 ml were
collected. The fractions were pooled and bioassay was done
for each pool. The bars represent the NGF activity present
in the pool. Where bars are not shown, there is little or
no NGF activiy in the pools. The bar under the word 'pool'
























Calibration curve for the Sephadex G-150 column.




chymotryps i nogen A (25, 000)
cytochrome c (12, 500)









12 5 10 12 15
- 4














Chromatographic elution profile of partially purified high
molecular weight shrew NGF on TSK G3000SW column.
The concentrated G-150 pool CIO ul) was injected into the
TSK G3000SW column C 7.5mm x 30 cm) and eluted with 100 mM
sodium phosphate buffer containing 100 mM sodium chloride,
pH 6.8, at a flowrate of 0.3 mlmin. Detection was by
absorbance at 280 nm (0.01 A.U.F.S.). CT, cyt. c, RNAase,
SBTI, ova, BSA, elution positions of cardiotoxin, cytochrome
c, RNAase, soya bean trypsin inhibitor, ovalbumin, and














Calibration curve for the TSK G3000SW column.
Elution volumes were plotted against log molecular weight of




Soya bean trypsin inhibitor (20,000)
Ovalbumin (43,000)
Bovine serum albumin (67,000)
The elution positions of the partially purified shrew NGF
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C• Isolation of 7S NGF from mouse submandibular gland
The 7S NGF was prepared from the submandibular glands
of 70 adult male mice (wet weight: 14.0 g) by the method
of Stach et al. (1977). (Fig. 9, Fig. 10, Fig.11) The
purity of this sample was judged by SDS-gel electrophoresis
(15%) and electrophoresis in the bistris-tes system (7.5%)
alongside with the 7S NGF purchased from the collaborative
Research, Inc.. The 3NGF was obtained from this 7S NGF by
the method of Smith et al. (1968). The 7S NGF was
dissociated by dialysis against sodium acetate buffer, pH
4.0. The dialyzate was then loaded on a CM-cellulose
column. After washing the column with acetate buffer, three
step gradients of 0.15, 0.4 and 1.0 H NaCl were used to
elute the column. The biologically active 3NGF was eluted
by the last gradient (Fig. 12). The 3NGF was further
purified on a Sephadex G-100 column equilibrated with 2 N
acetic acid.
D. Che mical characterization
D.1. Enzymatic activity
Since esteropeptidase activity was found to be
associated with the mouse 7S NGF complex, the same enzyme
activity was assayed for the HMW-shrew NGF( G-150 pool).
The specific esterase activities of the shrew fractions were
shown in table 1. Trypsin and mouse 7S NGF assayed under the
same experimental conditions were included as positive
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Fig. 9.
Chromatographic elution profile of mouse extract on a
Sephacryl S-200 column.
The mouse submandibular gland extract (48 ml) was applied to
Sephacryl S-200 column (4.5 x 43 cm) at a flowrate of
90m1/hr. The column was eluted with 50 mM Tris-HC1, pH 7.4.
Fractions of 20 ml were collected. The fractions under the
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Chromatographic elution profile of the mouse S-200 pool on
DEAE-ce11u1ose column.
The S-200 pool (85 ml) was applied directly to a DEAE-
cellulose column 2.5 x 13.5 cm) at a flowrate of 140 mlhr.
The column was washed with 700 ml 50 mM Tris-HCl with 10 mM
NaCl, pH 7.4 and then eluted by 600 ml 80 mM NaCl in the
same buffer. Fractions of 20 ml were collected. The
fractions under the horizontal bar were pooled as the active

















Chromatographic elution profile of the concentrated DEAE-
cellulose pool to a Sephaaex G-150 column.
The concentrated DEAE-ce11ulose pool 3.6 ml) was passed
through the column (2.7 x 100 cm) at a flowrate of 34 mlhr.
The column was eluted with 50 mM sodium phosphate, pH 6.8.
Fractions of 4 ml were collected. The fractions under the
horizontal bar were pooled as the biologically active 7S
NGF. This pool was then lyophilized.














Chromatographic elution profile of the dialyzate of 73 NGF
on a CM-cellulose column.
The dialyzate (11 ml) obtained from about 10 mg 7S NGF wa:
applied to a CM-cellulose column (1.0 x 10 cm) at a flowrate
of 15 ml/hr. The column was washed with 20 ml 50 mM sodium
acetate buffer, pH4.0, and then eluted with three step
gradients of 0.15, 0.4, and 1.0 M NaCl. The fraction!




























Specific esteropeptidase activities of shrew NGF
Sample esteropeptidase activity Literature value
(Greene, et al.,uraole /M in/rag protein
968
Trypsin 46.0 27
Mouse 7S NGF 32.70 32




When the values obtained in this investigation were
compared with that reported in literature, it was found that
a higher value for trypsin was obtained while that for 7S
NGF was same as that reported. The difference in the value
for trypsin may be due to different sources of trypsin used
in the two investigation. The trypsin (crystallized three
times) used by Greene et al. was obtained from Worthington
Biochemical Corporation, and its chymotrypsin activity was
inhibited by use of L-1-tosylamido-2-phenylethyl
chloromethyl ketone (TPCK) while the TPCK treated pancreatic
trypsin used in this investigation was purchased from Sigma.
The enzymatic activity of the y subunit prepared in this
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investigation was much lower than that reported by Greene
since it was an impure sample. The specific enzymatic
activity was low in the crude extract while there was a
great increase in specific act i vt i y in the final G-150 pool.
This was due to the removal of other proteins upon
purification. The specific activity of shrew high molecular
weight NGF (G-150 pool) was slightly less than that of the
mouse 7S NGF. This result demonstrated that like the mouse
7S NGF, the high molecular weight shrew NGF contained a
subunit with esteropeptidase activity.
D.2. Radioimmunoassay
The binding curves for different pools obtained during
the pur i f icat ion of the high molecular weight shrew NGF were
shown in Fig. 13. The standard curve was prepared from
standard 2.5 8 NGF In the range of 0.15 to 10 ng. Complete
parallelism with the standard curve for 2.5S NGF could be
observed in the curve for DEAE-cellulose pool (1) but for
the others, only partial parallelism could be observed for
higher concentrations of the fractions. There was a trend
to shift to the left for the binding curves of the
progressively purified samples showing an increase in
purity of the NGF activity in the samples. The curve for the
DEAE-cellulose pool (1) was obtained just after
concentration while that for the DEAE-cellulose pool (2) was
obtained after several days of storage at 4°. There was a
r htward shift of the binding curve upon storage showing
Fig. 13.
Competitive binding curves of standard mouse 2.5S NGF and
different pools obtained during the purification of the high
molecular weight shrew NGF in radioimmunoassay.
standard mNGF ng protein)
shrew total homoqenate uq orotein)
3-200 pool( ua protein)
DEAE-ce11u1ose pool CI)( ua protein)
DEAE-ce11u1ose pool (2) ug protein)
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that some of the NGF activity has decayed during this
period.
E. Isolation of a low molecular weight form of NGF from
the shrew submandibular glands
Low molecular weight NGF from shrew submandibular
glands was isolated essentially according to the procedure
of Nishiyama et al.( 1982). Slight modifications were
introduced to improve the yield.
E. 1. Gel filtration of MPftTRfrtaQt 2C
Sepharcvl S-200 column
When 70 ml of the 39,000xg homogenate supernate
containing 882 mg protein was passed through the S-200
column, the elution profile as shown in Fig.14 was obtained.
Again most of the NGF activity was detected in the protein
peak eluted near the void volume. Recovery of the
absorbance at 280 nm from the column was about 90%. The
overall NGF activity of the S-200 pool was significantly
higher than the NGF content of the total homogenate as shown
in Table.2. Small amount of NGF activity could also be
detected in the fractions just after the S-200 pool.
E.2. CM-ce11u? ose chromatography
The S-200 pool was dialyzed against 0.1 H sodium
citrate buffer, pH 3.0, before loading onto a CM-cellulose
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Fig. 14.
Chromatographic elution profile of the shrew extract on
Sephacryl S-200 column (3.2 x 137 cm)
The shrew submandibular gland extract (70 ml) was passed
through the S-200 column at a flowrate of 86 ml/hr. The
column was eluted with 50 mM Tris-HC1, pH 7.4. Fractions of
20 ml were collected. Absorbance at 280 nm(•) was
obtained after 30 fold dilutions of the eluate. The
fractions were pooled and bioassay was done for each pool.
The bars represent the NGF activity in the pools. Where
bars are not shown, there is little or no NGF activity in
the pools. The fractions pooled under the horizontal bar




















column. At pH 4.0, the nerve growth factor activity binds
to the column and can be eluted by the linear gradient of 0-
1.0 M NaCl in 50 mM sodium acetate buffer, pH 5.0 (Fig-15).
This behavior is similar to that of mouse S NGF suggesting
that like the a NGF, the low molecular form NGF of shrew may
also be a basic protein. The percentage recovery of
absorbance at 280 na was 94%. Most of other proteins have
been removed from the NGF containing pool in this step
(Table 2). NGF activity could not be detected in the other
pools.
E.3. Gel filtration on Sephadex G-100 column
ine eiuiion proriie of this coiumn was snown in
Fig.16. Most of the biological activity of NGF was found in
the second peak which has a molecular weight of around
28,000. This NGF active pool contained 1.068 mg protein.
When protein from this pool was subjected to disc
electrophoresis at pH 4.3. a single band was observed upon
silver staining. A small amount of NGF activity could also
be found in the fractions just after the biologically active
G-100 pool. Percentage of absorbance recovery at 280 nm was
91%.
After dialysis against 0.2% acetic acid, the G-100
pool was stored as lyophilized powder in three aliquots of
356 uq protein.




Chromatographic elution profile of the dialyzate of the S-
200 pool on CM-cellulose column( 3.2 x 10 cm)
The dialyzate (135 ml) was applied to the column at a
flowrate of 100 ml/hr. The column was washed with 50 mM
sodium acetate buffer, pH 4.0, then the eluant was changed
to 50 mM sodium acetate, pH 5.0. The column was then eluted
with a linear gradient of 0-1.0 M NaC1 in the acetate buffer
(total volume, 800 ml). The fractions were pooled and
bioassay was done for each pool. The bars represent the
NGF act ivt iy. Where bars are not shown, there is little or
no NGF activity in the pool. The fractions pooled under the













































Chromatographic elution profile of the concentrated CM-
cellulose pool on Sephadex G-100 column( 1.9 x 104 cm)
The concentrated CM-cellulose pool was passed through the
column at a flowrate of 15 ml/hr and eluted with 0.1 M
sodium citrate, pH 3.0. Fractions of 2 ml were collected.
The fractions were pooled and bioassay was done for each
pool. The bars represent the NGF activity present in the
ools. Where bars are not shown, there is little or no
pools.
activity in the pools. The fractions pooled under the
horizontal bar was dialyzed and lyophilized.
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CTr n r I a n MI I ni It o r
TABLE 2







































The value for these steps have been doubled since only half
of the Sephacryl S-200 pool was used in these steps.
S.A.: Amount of protein required for the maximum response
CngBU)
£ Purl: Purification (fold)
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E.4. Criteria of purity
When the protein obtained from the last column of
purification was analyzed upon disc gel electrophoresis at
pH 4.3, it gave a single band migrating towards the anode to
a similar position as that of the mouse NGF prepared by
the same procedure (Fig. 17).
When the same protein was subjected to HPLC gel
filtration column, a small peak closely associated with a
large peak was obtained as shown in Fig.18. The same large
peak was obtained when the same amount of freshly prepared
citrate buffer was applied to the HPLC column (Fig.19).
Hence the large peak may be due to non-dialyzable
contaminants present in the citrate buffer which was used in
the last column of purification since the sample has been
dialysed for 2 days against 0.2% acetic acid.
F. Chemlcal a cteiation of low molecular weight
F.1. Molular weight of the urif led shrew NGF
The molecular weight of the purified shrew NGF as
estimated from its elution position on the Sephadex G-100
It also gave an apparent molecular weight of 27,800 whict
was in agreement with that obtained by conventional ge
filtration (Fig.20).
shrew NGF




Polyacrylamide gel electrophoresis of purified S. murinus
low molecular weight NGF.
5 ug of the G-100 pool was applied to the gel (pH 4.3, 15%
gel) and electrophoresis was carried out at 25 mA for 4 hrs
at room temperature. Track 1: 5 ug mouse NGF, Track 2:
5 ug impure G-100 pool due to wrong pooling of the
fractions, Track 3: 5 ug purified shrew NGF
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Fig. 18.
Chromatographic elution profile of citrate buffer on
TSK G3000SW column.
Freshly prepared citrate b-uffer was applied to the column in
a volume of 5 ul. The column was then eluted under the same
conditions as described in Fi. 19.
Fig. 19.
Chromatographic elution profile of the purified shrew NGF on
TSK G3000SW column.
The G-100 pool( 10 ug/10ul) was injected into TSK G3000SW
column (7.5 mm x 30 cm) and eluted with 100 mM sodium
phosphate containing 100 mM NaCl, pH 6.8 at a flowrate of 18
ml/hr. Detection was by absorbance at 280 nm (0.05
A.U.F.S.). BSA, ova, SBTI, NGF, and cyt. c represent
elution positions of bovine serum albumin, ovalbumin, soya
bean trypsin inhibitor, NGF, and cytochrome c






























Calibration curve for the TSK G3000SW column in molecular
weight determination.
Elution volumes( ml) were plotted against log molecular
weights of the following protein standards:
cytochrome c (12,500)
soya bean trypsin inhibitor (20,000)
NGF (26,500)
ovalbumin (43,000)
bovine serum albumin (67,000)


















When the isolated sample was reduced with
mercaptoethanol and subjected to SDS electrophoresis, 2
bands with molecular weight 11,600 and 12,700 were obtained
(Fig-21). This behavior was similar to that observed for
mouse 2.5 S NGF where the higher molecular weight band
represents the intact subunit and the smaller molecular
weight band represents the subunit with its N-terminal
octapeptide removed.
F.2. Biological activity
In the in vitro bioassay using sensory ganglia from
chick embryo, the isolated low form NGF from shrew elicited
its maximal neurite outgrowth from the ganglia at a
concentration of 4.4 ng/ml (photo. 3). This is comparable
to that of mouse NGF which elicited its maximal neurite
outgrowth at a concentration of 5-10 ng/ml.
F. 3. R I mmunoassaY
The RIA binding curves of the ditterent dir
preparations obtained during the purification of the low
molucular weight form shrew NGF were shown in Fig.22. The
mouse NGF antiserum was used. The standard curve was smooth
and steep. Displacement could be obtained in the range of
0.3 to 5.0 ng NGF. Some degree of cross reactivity between
the mouse and shrew NGF could be observed by the parallelism









SDS-polyacrylamide gel electrophoresis of the purified shrew
NGF.
Sample was run in 15% gel in the presence of 1% SDS.
Electrophoresis was carried out at 30 mA for 3-4 hrs at room
temperature. Track 1: purified shrew NGF (G-100 pool),
1 ug, Track 2: 5 ug $NGF.
Positions of the marker proteins were indicated by:
1. a -lactalbumin (14,400)
2. Trypsin inhibitor (20,100)
3. Carbonic anhydrase (30,000)
4. ovalbumin (43,000)
5. albumin (67,000)
6. phosphorylase b (94,000)
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Fia. 21b.
Calibration curve for molecular weight determination by SDS
gel electrophoresis.
Rfs were plotted against log molecular weight of the
following protein standards:
NGF monomer (13, 256)
1. a -lactalbumin (14,400)
2. Trypsin inhibitor (20,100)
3. Carbonic anhydrase (30,000)
4. ovalbumin (43,000)
5. albumin (67,000)
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Photograph 3.
Effect of the purified shrew NGF on flber outgrowth from
chick embryonic sensory ganglia in tissue culture.
Concentration of shrew NGF: 4.4 ng/ml
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Fig. 22.
Competitive binding curves of stanaara mouse 4.uo nvr and
different pools obtained during the isolation of the low
molecular weight shrew NGF in radioimmunoassay.
standard mouse NGF ( ng protein/ml), shrew crude extract
( ug protein/ml), CM-cellulose pool (■ ug protein/ml),
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curves for the progressively purified samples at high
concentration. There was also a trend of leftward shift of
the binding curves for the progressively purified sample
showing the purity of NGF activity has increased in the
sample during purification.
F.4. Fluorescence emission spectrum of the shrewNGF
The emission fluorescence spectrum of shrew NGF was
obtained in 10 mM ammonium acetate buffer, pH 6.5, with
excitation light set at 280 na (Fig.23). The max of the
emission spectrum for shrew NGF was found to be 344 nm which
was very similar to the 340 nm found for free tryptophan
residue in H20, pH 7.0 (Longworth, 1966).
F.5. Ultraviolet spectrum o t ml snrew mw
The near UV absorption spectru-m of shrew NGF was shown
in Fig.24. Three absorption bands were observed at 272,
279, and 289 no. From the spectrum, the molar extinction
coefficients of shrew NGF at 280 and 288 no were found as
34,500 and 28,000 respectively using a molecular weight of
28,000 for the molecule. Based on these values, the
tryptophan and tyrosine content was calculated by the method
of Edelhoch( 1967). The number of moles of tyrosine and
tryptophan residues per mole protein can be deduced by
solving the simultaneous equations
(1)E 288= 4815N+ 385H
E 280= 5690N+ 1280H (2)
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Fig. 23.
Fluorescence emission spectrum of shrew NGF determined in 10
mM ammonium acetate pH 6.5 at 25° with a Hitachi Model 650-
1OM fluorescence spectrophotometer.
Excitation wavelength used was 280 nm and the slit width was
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Fig. 24.
Near UV absorption spectrum of the shrew NGF.
The spectrum was determined with a Varian model 210
spectrophotometer in 10 mM ammonium acetate, pH 6.5 at 25°.
The concentration of shrew NGF used was 1 x 10-5 M. Light















where E 288 and E 280 are the molar extinction coefficients
of shrew NGF at 288nm and 280nm respectively, N and M
represent the number of moles of tryptophan and tyrosine
residues per mole protein respectively. From the equations,
the estimated number of tryptophan residue per shrew NGF
molecule is 5.7 and that for tyrosine is 1.7.
In the original method of Edelhoch, the absorption
spectrum was measured in 6 M guanidine hydrochloride at pH
6.5, however due the lack of material, guanidine
hvarnnh1nriaA wan not innludd in this study.
F:6. Amino acid composition of the shrew NGF
The amino acid composition of the purified shrew NGF
was given in Table 3. Since an apparent molecular weight of
about 13,000 was obtained for the shrew NGF in SDS
electrophoresis, the values of the amino acids were
expressed as residues per 13,000 g of protein and they were
shown alongside with the literature values for mouse NGF.
Although the two NGF molecules from mouse and shrew
submandibular glands have similar behavior on the columns
during purification, they showed great difference in their
amino acid composition. The total number of amino acid
residues are different in the two molecules, 118 residues
for mouse but about 148 residues for shrew NGF (assuming the
number of half-cystine residues as 4). There is a
significantly higher number of aspartic acid, glutamic acid,
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prol ine, glycine, leucine, tyrosine, lysine, and arginine
residues and a lower number of threonine and phenylalanine
residue in the shrew NGF. The difference in the total
number of basic residues is greater than that of the acidic
residues. Besides, substantial amount of ammonia, 15
moles/peptide chain, is found in the shrew NGF which suggest
that most of the acidic residues are present in the amide
form. Thus the shrew NGF may be a basic protein similar to
the mouse NGF. A study to find the i soe lectr is point of the
shrew NGF is in progress.
Table 3
Amino acid composition of shrew NGF





























































calculated on the basis of 1.98 methionine
residuespeptide chain
determined spectroscopical1y by the method of Edelhoch 1967)




G. Summary of the purification schemes
From the 39,000xg supernate of the shrew submandibular
gland extract, a high molecular weight and a low molecular
weight NGF molecules were isolated. The first step used in
the isolation of the two NGF species was the same which was
gel filtration on a Sephacryl S-200 column at pH 7.4. Upon
different treatment of this biologically active S-200 pool,
the two different molecular weight NGF species were
obtained. When the S-200 pool was passed directly through a
DEAE-cellulose column at pH 7.4 without treatment and a
Sephadex G-150 column in succession, a biologically active
NGF species with an apparent molecular weight of 75,500 was
obtained. This partially purified high molecular weight NGF
species showed some degree of crossreact i vty with the mouse
2.55 NGF and contained arg in ine specific esteropeptidase
activity. It also gives an apparent molecular weight of
58,000 upon HPLC-gel filtration.
When the S-200 pool was treated by dialysis against a
buffer of pH 3.0, the low molecular weight NGF species was
obtained possibly by dissociation of the high molecular
weight NGF species. After passing the d ial yzate through a
CM-cellulose column at pH 4.0 and a Sephadex G-100 column at
pH 3.0 respectively, a biologically active NGF species was
purified which has an apparent molecular weight of 28, 000 on
HPLC-gel filtration. This molecular species has a quite
different molecular weight from the high molecular weight
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NGF just obtained, so it was termed low molecular weight
shrew NGF (LMW-sNGF). This LMW-sNGF has a biological
potency comparable to that of mouse BNGF and glves a
binding curve parallel to the standard curve of mouse 2.5S
NGF. Like the 2.5S NGF, upon SDS-gel electrophoresis, it
gives two bands with molecular weight of 11,600 and 12,700.
However, the amino acid composition of this protein is quite
different from that of mouse NGF.
The purification schemes were summarized in the following
flowchart :
crude extract of shrew subandibular glands
Sephacryl S-200
CM-celluloseDEAE-cellulose
Se phadex G-100Sephadex G-150
LHW-sNGFHMW-sNGF
1. M.W. 28,000 (native)I. esteropept idase activity
11,600 & 12,700 (SDS)2. RIA binding curve parallel
to 2.5S NGF
2. RIA curve parallel to
mouse 2.5S NGF3. M.W. 58,000-75,500







A. Biological activity of NGF prsent in the shrew
submandibu1ar gland
When the NGF activity present in shrew was compared
with literature values reported for other rich mammalian
sources of NGF, it was found that the shrew submandibular
gland come next to mouse submandibular gland and bovine
seminal vesicle as the richest sources of NGF. The result
of comparison was shown in the following table (Table 4).
Together with the discovery of a high level of EGF in the
shrew submandibular gland, shrew is the only wild mammal
known to have a NGF/EGF content comparable to the mouse.
Table 4
Comoarison of NGF actlyltv In rich mammalian sources
NGF activitySource of NGF
BUlg wet weight tissue
96,000Mouse submaxillary gland (1)
30,000bovine seminal vesicle (1)
25,000
shrew submandibular gland
5,000guinea pig prostate (2)
600bovine prostate (1)
(1) values obtained from Hofmann and Unsicker (1982)
(2) value obtained from Chapman et al. (1981)
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B. Isolation of the high molecular weight NGF from shrew
submandibulr glands
B.1. 5ephacrvl Q0 colu*n
The use of a size exclusion column as the first step
of purification was common i n the isolation schemes for NGF
from various sources. In this investigation, this step also
fits into the concurrent isolation of EGF from the same
extract. The elution position of the NGF activity in the
shrew 39,000 xg homogenate supernate was similar to that
observed on the same column for mouse 7S NGF. This -result
indicates that the two NGFs may have the same molecular
weight. Except for the NGF from the snake venoms, a high
molecular weight form of NGF similar to that of mouse 7S NGF
has been reported for all other sources of NGF: viz. guinea
pig prostate and bovine seminal plasma (Chapman et al., 1981
Harper et al.,1982). However up to now, none of these high
molecular weight.NGF has been purified and characterized.
While the S-200 pool contained only 57% of the biological
activity charged to the column, considerable amount of the
activity was found in the two pools following the S-200
pool. This made up the total recovery of biological
activity from the S-200 column to 80%. As this result was
compared with that obtained during the isolation procedures
for the low molecular weight shrew NGF, one would suspect a
greater degree of dissociation of the HMW shrew NGF has
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occurred during this run where PMSF was not included in the
homogenate. In order to facilitate the direct application
of this S-200 pool to the DEAE-cellulose column, the eluting
buffer used in these two columns was the same.
B.2. DEAE-cellulose column
A satisfactory second step which could be used to
handle a large amount of sample without any intermediate
manipulation was found to be ion-exchange chromatography.
All the NGF activity in the S-200 pool adsorbed to the DEAE-
cellulose column. It was eluted as the last peak by the
gradient of 0-0.2 M-NaCI. This behavior was slightly
different from that observed for mouse 7S NGF which also
adsorbed to the DEAE-cellulose column but was eluted as the
first peak from this gradient( Varon et al., 1967). This
may indicate that the HMW shrew NGF is a slightly more
acidic protein than mouse 7S NGF which has an isoelectric
point (pI) of 5.1. As reported by Varon et al., about 70%
of the NGF activity could be recovered from this column.
But a high flowrate was critical for such result and the
flowrate employed by them was approximately 350 ml/hr. At
more normal flowrates, they found that the NGF activity was
eluted from the column over-many fractions and the recovery
was very poor. In this investigation, although a high
flowrate 400 ml /hr) has been employed, the percentage
recovery of the biological activity was rather low, only
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25%, and activity was also found in other DEAE-cellulose
pools. The total biological activity recovered from the
column was 41%. The results obtained from the preliminary
experiments were more satisfactory. Nearly 100% recovery
in the biological activity was obtained and there was little
spreading of the activity over the column. Hence the result
obtained here could be explained as follow. Firstly, as the
S-200 pool have been stored for several days at 40 before
application to the DEAE-cellulose column, the activity-might
have decayed during this period. As i t has been reported
for the mouse NGF complex that the NGF activity during this
stage of fractionation was unstable and decayed at a
significant rate. Secondly, it was learned from the
isolation of the mouse NGF that high f i owrate was required
for good recovery of the NGF activity. It seems that the
time allowed for the NGF activity to remain on the DEAE-
cellulose column was critical for good recovery. Perhaps
even a higher flowrate was required for this isolation
procedure as Stach et al. have reported the employment of a
flowrate of 1800 ml/hr for the isolation of the mouse 7S
NGF. However the flowrate of 400 ml /hr was the maximum
flowrate that could be attained in this investigation due to
the limitation of the apparatus available. Attainment of a
higher flowrate could be achieved by using a shorter column
with a larger diameter.
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B-3. Se phade x G-150 column
Some precipitation was observed after the
concentration of the DEAF-cellulose pool. This may be due to
a too concentrated protein solution has obtained so that
some proteins were precipitated out. This precipitated
protein may block the Sephadex G-150 column, so it was
removed by centrfugat ion and then the supernate was charged
to the column. Hence the 28% recovery of the biological
activity was only an underestimation of the actual recovery.
By calibrating the column with- a number of protein
standards, an apparent molecular weight of 75,500 was
obtained for this G-150 protein. This value seems to be
quite different from the molecular weight 140,000 reported
for 7S NGF. However it has been reported in earlier studies
by Burton et al. (1978) that mouse 7S NGF also behaved
anomalously on gel filtration column. It gave an apparent
molecular weight of 93,000 on Sephadex G-100 column. When
mouse 7S NGF, prepared in a parallel run, was
chromatographed on the same Se phade x G-150 column, it also
gave an apparent molecular weight of 67,000 which was quite
different from that reported (Server and Shooter, 1977).
Hence there was little difference in the apparent molecular
weight shown by mouse and the shrew HMW NGF. This anomalous
behavior of HMW NGF on gel filtration column seems to be a
common characteristic of the high molecular weight NGF.
Since the high molecular weight complex is an aggregate of
several subunits, it is possible that during column passage,
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It was partially dissociate into smaller aggregates and
behaved as i f it is a smaller molecule.
B.4. H PLC-gel filtratic
By calibrating this HPLC-gel filtration column, an
apparent molecular weight of 58,000 was obtained for the
shrew NGF while that for the mouse 7S NGF was 78,000.
Again the mouse 7S NGF behave anomalously on this column
which may imply that the molecular weight of 58,000 found
for the shrew NGF was inferior to its true molecular weight.
Perhaps the true molecular weight of this shrew HMW NGF has
to be found by other methods such as from its sedimentation
coefficient.
The employment of only three chromatographic steps in
this purification was adopted from the purification scheme
used for the mouse 7S NGF. The inclusion of an, ion-exchange
chromatography which could handle a large amount of sample
reduce the loss of biological activity due to complicated
manipulation. However since it was found during this
investigation that there was much loss of activity upon
storage even at 40, the whole procedure should be completed
as fast as possible and the sample should pass from column
to column without delay.
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C. Chemical characterization of the high molecular weight
shrew NGF
C. 1. Es to rope pt i dase activity
Esteropept idase activity was also present in the high
molecular weight shrew NGF and the specific activity of this
protein was comparable to that of the mouse 7S NGF, 27.32
umole/min/ag protein for the shrew NGF and 32.7 umole/min/mg
protein for 7S NGF. The esteropeptidase activity found in
the shrew 8-200 pool was not due to protease activities
present in the pool since even in the presence of 1.6 mM
PMSF or trypsin inhibitor, the-same amount of enzymatic
activity could be found. It has been reported that high
molecular weight NGFs from placental tissue, bovine seminal
vesicles and guinea pig prostates all lack the Y subunit
with arginine specific esteropeptidase activity( Blum et
al, 1980 Hofmann et al., 1982 Rubin et al, 1981). Hence
this enzymatic activity was associated with HMW NGF isolated
from the same tissue, the submandibular glands, of two
different species. This may imply other possible similar
physiological role played by these two proteins. A study on
the enzymatically active subunit in shrew HMW NGF- may help
.us to understand the role of subunits in the processing of
NGF from its precursor as it has been proposed for the mouse
7S NGF (Server and Shooter, 1977).
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C.2. Radio-immunoassay
From the result of this assay, we could also observe
some degree of crossreactivitybetween the NMW shrew NGF and
the mouse 2.5 S NGF.
Hence the HMW shrew NGF and the mouse 7S NGF are
similar proteins. They have similar elution position on
both the S-200 and the G-150 columns. The only difference
between them is their behavior on the DEAE-cellulose column
where the shrew NGF was eluted at a later position than
mouse NGF in the same gradient. They give similar apparent
molecular weight on Sephadex G-150 column. Both of them
contain arginine specific esteropeptidase activity and show
mmunocrossreactivity with the mouse 2.5S NGF. These imply
that like the mouse 7S complex, high molecular weight shrew
NGF also contain a 2.5S NGF and a Y -subunit like
components in its complex. And it may be a slightly more
acidic protein than mouse 7S NGF.
D. Purification of the low molecular form shrew NGF
The purification scheme developed in this
investigation was similar to that used for the purification
of mouse 2.5 s NGF. The biological activity as expressed in
terms of biological units recovered in the final product was
greater than that detected in the original extract. This
increase in activity may be due to the removal of materials
that would interfere with the action of NGF in the bioassay.
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The specific activity of the purified low molecular weight
shrew NGF is 4.4 ng/ml, comparable to that of the purified
mouse NGF in the same bioassay system. The involvement of
only three chromatographic steps in the purification scheme
definitely reduces the loss of biological activity due to
prolonged manipulation.
D.I. See ghacryl S-200 size exclusion chromatography
The NGF activity in shrew submandibular gland also
exists as a high molecular weight form( HMW-NGF) as it
eluted from the S-200 column at the void volume. The
occurrence of a small amount of biological activities in the
pool followed the main peak might be due to some
dissociation of the HMW-NGF during chromatography.
In this first step of isolation, S-200 column was used
in place of the Sephadex G-100 column used by Nishlyama.
Since a considerable higher flowrate could be obtained by
using the S-200 column, this could reduce the chance of on
column dissociation of the high form of NGF to low form.
This phenomenon has been reported for the bovine NGF
(Hofmann and Unsicker, 1982). PMSF was added to inhibit the
action of serine proteases present in the homogenate. It
also inhibits some thiol proteases and some
carboxypeptidases. Leupeptin was also added to inhibit some
of the active peptidases. It has been found from the result
of earlier experiments on the isolation of the high
molecular weight shrew NGF that more dissociation would have
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occurred in the absence of such inhibitors.
D.2. Behavior of shrew NGFon the CH-cellulose co1um
Preliminary experiment by Nishiyama et a). has
revealed that high molecular weight shrew NGF C HMW-SNGF)
did not dissociate into a low molecular weight form unless
the pH was adjusted to 3.0. This was done by dialyzing the
crude extract against 0.1 M sodium citrate buffer, pH 3.0.
Applying the dialysed sample to a Sephadex G-100 column
revealed that over 80% of the NGF activity was found at the
low molecular weight region. This behavior was different
from that of mouse NGF which dissociated readily into its
component subunits at pH 4.0. Of much interest, the high
molecular weight NGF found in guinea pig prostate glands and
bovine seminal plasma also dissociated at pH 3.0 but not at
pH 4.0 C Chapman et a1.,1'981 Harper et al., 1982). So in
order to isolate the low molecular weight NGF species, the
S-200 pool was dialyzed against citrate buffer at pH 3.0.
Due to the extreme pH employed, many proteins were
precipitated out during the dialysis. These were removed by
centrifugation. In order to reduce the loss of NGF which
might be trapped in the precipitated protein, the residue of
centrifugation was re-extracted with citrate buffer. Around
25% of protein was removed during this step with no loss of
biological activity. The behavior of the low molecular
weight shrew NGF LMW-SNGF) on the CH-cellulose column was
similar to that of mouse NGF which suggested that LMW shrew
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NGF may also be a basic protein (see amino acid analysis
below). Hence basicity seems to be a common characteristic
of the low molecular weight NGFs isolated from different
mammalian sources since bovine and guinea pig NGF were also
basic with pI about 9.0-10.0. Up to this step, about 93%
protein originally present in the 3-200 pool have been
removed.
D.3. Ge-1 filtration on Se hadex G-loo column
The NGF activity was eluted from the Sephadex G-100
column at a position slightly earlier than chymotrys inogen-,
suggesting that this NGF species was different from that of
the high molecular species present in the crude extract.
The whole purification procedures can be completed
within 3 to 4 days if the sample was passed from column to
column in succession. While the specific activity of the
shrew NGF Isolated by this purification scheme,was similar
to that obtained by Nishiyama, the yield of NGF by the
modified procedures, 2 mg/40 organs, was much higher than
that obtained by the original procedure of Nishiyama, 0.16
mq/75 organs.
E. Qhe mica 1 characterization of the shrew NGF
E.1. Molecular weight of shrew NGF
By conventional gel filtration on Sephadex G-100
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column, an apparent molecular weight of 28,000 was found for
this protein. A similar molecular weight of 27,800 was
obtained by the HPLC-gel filtration column. This molecular
weight of the native protein is similar to that found for
other low molecular weight NGFs, for example, guinea pig NGF
(26,000) and bovine NGF (30,000).
Upon SDS-gel electrophoresis, the purified shrew NGF
was resolved into two protein bands-with apparent molecular
weights of 11,600 and 12,700. This result suggests that
this shrew NGF has a quarternary structure similar to that
of the mouse 2.5 S NGF which, upon denaturation, dissociates
into two subunits with subunit weight of 13,250 and 12,700
respectively. House NGF is a diner( M.W. 26,512)
composed of two identical polypeptide chains of 118 residues
( M.W. 13,250). The 13,250 and 12,700 subunits present in
the 2.5 S NGF are thought to be the intact 1-118 and the
partially cleaved 9-118 polypeptides respectively. Hence
the above result indicated that the shrew NGF, like the
mouse aNGF, was in fact a diner of two polypeptide chains,
one of which have become cleaved during the course of
purification. The band positions of the shrew NGF were not
affected by the presence or absence of -mercaptoethanol,
therefore the existence of disulfide bridges between the two
polypeptide chains may be excluded. Hence, the two chains
of the shrew NGF was only associated by nonconvalent forces
as in the case of mouse NGF. When the results obtained from
other sources were compared, the existence of two
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polypeptide chains in the low molecular weight NGF seems a
common characteristic of NGFs isolated from various sources.
E.2. Immunological property
By double immunodiffusion technique, Nishiyama (1982)
showed that there was no crossreactivity between the shrew
and mouse NGF. However by the RIA employed in this
investigation, some degree of crossreactivity was found.
The binding curve for purified shrew NGF was parallel to
that of the mouse NGF. However their potency were quite
different since 9 ug of shrew NGF was required to show a 50
% inhibition of the binding while 0.5 ng was sufficient for
mouse NGF. Previous report has shown that by this method,
no i mmunocrossreactivity could be observed between human NGF
and mouse NGF( Walker et al., 1980). While studies on the
immunological properties of NGFs from different sources have
revealed that there was no crossreactivity between mammalian
NGF and NGF isolated from the snake venoms, there was
non-symmetry in the crossreaction between mouse NGF and
NGF isolated from guinea pig prostate glands and bovine
seminal plasma C Chapman et al., 1981 Harper et al., 1983).
This is shown by the fact that antisera raised against
,mouse NGF can inhibit the biological activity of the three
mammalian NGF to the same extent while antiserum raised
against either bovine or guinea pig NGF can inhibit the
effect of mouse NGF poorly. This phenomenon may be
explained by the fact that the major antigenic determinants
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present on the bovine and guinea pig NGFs are absent from
the mouse NGF, while that of the mouse NGF are also present
on the bovine or guinea pig NGF. If shrew NGF behaves
similarly as both bovine and guinea pig NGFs, the antiserum
raised against mouse NGF should show some degree of
crossreactivity for shrew NGF as it is suggested here.
E.3. Amino acid composition
A comparison of the amino acid composition of the
mammalian NGFs is made i n Table 4. Hydrolysis of the
sample was carried out in the presence of mercaptoethanol,
therefore the number of half-cyst ine residue cannot be
determined. Substantial amount of ammonia, 15 moles/peptide
chain, is found in the purified shrew NGF. This may suggest
that most of the acidic residues are present in the amide
form. Hence although the number of acidic and basic
residues in the sample is similar, the protein still behave
as a basic protein. From table 4, the amino acid composition
of shrew is found to be highly similar to that of bovine.
The only difference between them i s that shrew NGF has more
basic amino acid residues, lysine and arginine, and less
phenylalanine residue. The bovine and shrew NGF also
contain greater number of amino acid residues than NGF from
other sources, which is around 140. The greater number of
proline residues present in shrew and bovine NGF may imply
that they exist as more compact molecules than mouse NGF.
The amino acid composition of guinea pig also shows greater
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homology with the mouse NGF indicating a closer relationship
between these two groups in the evolutionary scale. If this
predication holds true, studies in shrew NGF should lead us
to a better understanding of human NGF which little is known
due to the 1 imited supply of materials. So more extensive
studies on the characterization of shrew NGF may open the
scope of study on human NGF.
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Table 5
A comparison of the amino acid composition of different
mammalian NGFs
shrewGuinea pig(2) bovine(3)Mouse(1)Amino acic
13141411Aspartic acil



















values obtained from Hogue-Angeletti, et a]. (1976)
(1)
values obtained from Chapman, et a]. (1981)
(2)
values obtained from Hofmann and Unsicker (1982)
(3)
assuming 4 half-cystine residues for shrew NGF
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F. Summary
1. Two forms of NGF were isolated from the shrew
submandibular gland: a high molecular and a low molecular
weight form.
2. The behavior of the high molecular weight shrew NGF
(HMW-sNGF) on the columns used for its isolation is similar
to that of mouse 7S NGF except for the DEAE-cellulose column
where it was eluted at a later position than the mouse NGF
in the NaCl gradient employed.
3. The HMW-sNGF has an apparent molecular weight of 75,500
on Sephadex G-150 column and 58,000 on HPLC-gel filtration
column.
4. The HMW-sNGF also contained arginine specific
esteropeptidase activity and thus may contain a subunit
similar to the Y-subunit of the mouse 7S NGF.
5. The HMW-sNGF also shows some degree of
immunocrossreactivity with the mouse 2.5 S NGF, and contain
a 13-subunit similar to mouse 7S NGF.
6. The low molecular weight shrew NGF (LMW-sNGF) is
obtained with a more extreme pH treatment, pH 3.0, of the
crude extract than that required for the dissociation of the
mouse 7S NGF, pH 4.0.
7. Similar to the mouse 2.5S NGF, the LMW-sNGF is a dimer
containing two polypeptide chain with apparent molecular
weight of 1 1, 600 and 12,700.
8. The molecular weight of the native LMW-sNGF is about
28,000 on both Sephadex G-100 and the HPLC-gel filtration
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column.
9. The LMW-sNGF has a biological activity of 4.4 ng/BU
which is comparable to the potency of the mouse Q NGF.
10. The LMW-sNGF also shows some degree of
immunocrossreactivity with the mouse 2.55 NGF and give a
binding curve parallel to the standard curve of 2.5S NGF in
RIA.
11. However, the amino acid composition of the LMW-sNGF
is quite different from that of mouse NGF and it shows a
reater similarity to bovine than mouse NGF.
REFERENCES
Re ferences
Angeletti, R.H., Hermodson, M.A., Bradshaw, R. A.( 1973)
Amino acid sequences of mouse 2. 5S nerve growth factor.
II. Isolation and characterization of the thermolytic and
peptic peptides and the complete covalent structure.
Biochemistry, 12: 100-115.
Angeletti, P.U., Levi-Montalcini, R., Kettler, R., and
Thoenen, H. (1972) Comparative studies on the effect of
the nerve growth factor in sympathetic ganglia and
adrenal medulla in newborn rats. Brain res., 44: 197—
206.
Balakrishnan, M., and Alexander, K.M. (1979) A study on
aspects of food utilization of the Indian musk shrew,
Suncus murinus viridescens (Blyth). Physiology and
behavior, 22: 423-428.
Bjerre, B., Bjorklund, A., Stenevi, U. (1974) Inhibition of
the regenerative growth of central noradrenergic neurons
by intra cerebrally administered anti-NGF serum. Brain
res.,74:1-18.
Blum, M., Beck, C.E., and Perez-Polo, J.R. (1980) Abstr.
10th Annu. Meet. Soc. Neurosci. 6: 376.
Bothwe11, M.A., Shooter, E.M. (1978) Thermodynamics of
interaction of the subunits of 7S nerve growth factor.
The mechanism of activation of the esteropeptidase
activity by chelators. J. Biol. Chem., 253: 8458-8464.
Bradford, M.M. (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem.,
72: 248-259.
Bradshaw, R.A., Hogue-Ange1etti, R.A., and Frazier, W.A.
(1979) Nerve growth factor and insulin: Evidence of
similarities in structure, function, and mechanism of
action. Vitamins and Hormones, 37: 575-596.
Burton, L.E., Wilson, W.H., and Shooter, E.M. (1978) Nerve
growth factor in mouse saliva. J.Bio1.Chem., 253(21):
7807-7812.
Chapman, C.A., Banks, B.E.C., Vernon, C.A., and Walker, J.M.
(1981) The Isolation and characterisation of nerve
growth factor from the prostate gland of the guinea pi9-
Eur. J. Biochem., 115: 347-351.
Cohen, S. (1960) Purification of a nerve growth-promoting
protein from the mouse salivary gland and its
125
neurocytotoxic antiserum. Proc. Natl. Acad. Sci., USA,
46: 302-311.
Cohen, S., and Levi-Montalcini, R. (1956) A nerve growth-
stimulating factor isolated from snake venom. Proc.
Natl. Acad. Sci., USA, 42: 571-574.
Cohen, S., Levi-Montalcini, R., and Hamburger, U. (1954) A
nerve growth stimulating factor isolated from Sarcomas
37 and 180. Proc. Natl. Acad. Sci., USA, 40: 1014-1018.
Edelhoch, H. (1967) Spectroscopic determination of
tryptophan and tyrosine in proteins. biochemistry, 6:
1948-1954.
Fenton, E.L. (1970) Tissue culture assay of nerve growth
factor and of the specific antiserum. Experimental cell
Res., 59: 383-392.
Frazier, W.A., Angeletti, R.H., Bradshaw, R.A. (1972) Nerve
growth factor and insulin. Science, 176: 482-487.
Furukawa, S., and Hayashi, K. (1978) Purification and
characterization of nerve growth factor from the venom of
Bungarus Multicinctus. Blochimica et Blophysica Acta,
533: 383-395.
Greene, L.A., Shooter, E.M., and Varon, S. (1968) Enzymatic
activities of mouse nerve growth factor and its subunits.
Proc. Natl. Acad. Sci., 60: 1383-1388.
Greene, L.A., Shooter, E.M., and Varon, S. (1969) Subunit
interation and enzymatic activity of mouse 7S nerve
growth factor. Biochemistry 8: 3735-3741.
Harper, G.P., Barde, Y.A., Burnstock, G., Carstairs,
Dennison, M.E., Suda, K., and Vernon, C.A. (1979) Guinea
pig prostate.is a rich source of NGF. Nature, 279: 160-
162.
Harper, G.P., Barde, Y.A., Edgar, D., Ganten, D., Hefti, F.,
Heumann, R., Naujoks, K.W., Rohrer, H., Turner, J.E., and
Thoenon, H. (1983) Biological and immunological
properties of the nerve growth factor from bovine seminal
plasma: comparison with the properties of mouse nerve
growth factor. Neuroscience, 8(2): 375-387.
Harper, G.P., Glanville, R.W., and Thoenen, H. (1982) The
purification of nerve growth factor from bovine seminal
plasma. J. Biol. Chem., 257(14): 8541-8548.
Harper, G.P., Pearce, F.L., and Vernon, C.A. (1976)
Production of nerve growth factor by mouse adrenal
medulla. Nature, 261: 251-253.
126
Harper, G.P., Pearce, F.L., and Vernon, C.A. (1980) The
production and storage of NGF in vivo by tissues of the
mouse, rat, guinea pig, hamster, and gerbil. Dev.
Biol. 77: 391-402.
Harper, G.P., Saffar, A.M.A., Pearce, F.L., and Vernon, C.A.
(1980) The production of NGF in vitro by tissues of the
mouse, rats, and embryonic chick. Dev. Biol., 77: 379-
390.
Hendry, I.A. (1976) A method to correct adequately for the
change in neuronal size when estimating neuronal numbers
after nerve growth factor treatment. J. Neurocytol., 5:
337-349.
Hofmann, H.D., and Unsicker, K. (1982) The seminal vesicle
of the bull: a new and very rich source of nerve growth
factor. Eur. J. Biochem. 128: 421-426.
Hogue-Angeletti, R.A., Frazier, W.A., Jacobs, J.W., Niall,
H.D., and Bradshaw, R.A. (1976) Biochemistry, 15: 26-
34.
Horri, Z.I., and Varon, S. (1975) Nerve growth factor
induced rapid activation of RNA labeling in dorsal root
ganglionic dissociates from the chick embryo. J.
Ne urosc i. Res., 1: 36 1-375.
Horri, Z.I., and Varon, S. (1977) Nerve growth factor
action on membrane permeation to exogenous substrates in
dorsal root ganglionic dissociates from the chick embryo.
Brain Res., 124: 121-133.
Ishii, D.N., abd Shooter, E.M. (1975) Regulation of NGF
synthesis in mouse submax i l lary glands by testosterone.
J. of Neurochem. 25: 843-851.
Jeng, I.M., and Bradshaw, R.A. (1978) The preparation of
nerve growth factor. In: Research Methods in
Neurochemistry, Marks, N., and Rodnight, R.(eds.) Plenum
publishing Co., New York, N.Y., Vol. IV, pp265-288.
Koroly, M.J., and Young, M. (1981) Nerve growth factor.
In: Tissue growth factors. Baserga, R.(Ed.) pp249-276.
Springer-Verl ag Berlin Heidelberg New York.
Laemmli, U.K. (1970) Cleavage of structural proteins
during the assembly of the head of bacteriophage T
Nature, 227: 680-685.
Levi-Montalcini, R. (1964) Growth control of nerve cells by
a protein factor and its antiserum. Science, 143: 105-
110.
Levi-Montalcini, R. (1965) The nerve growth factor: its
127
mode of action on sensory and sympathetic nerve cells.
Harvey Lect. 60: 217-259.
Levi-Montalcini, R. (1976) The nerve growth factor: its
role in growth, differentiation and function of the
sympathetic adrenergic neuron. Prog. Brain res., 45:
235-258.
Levi-Montalcini, R, and Angeletti, P.U. (1964) Hormonal
control of the NGF content In the submaxillary salivary
glands of mouse use. In: Salivary glands and their
secretions. Scheebny, L.M., Meyer, J. (eds.) pp 129-
141. Oxford: Pergamon Press.
Levi-Montalcini, R., and Angeletti, F.U. (1968) Nerve
growth factor. Physiol. Rev., 48: 534-569.
Levi-Montalcini, R., and Booker, B. (1960a) Excessive
growth of the sympathetic ganglia evoked by a protein
isolated from mouse salivary gland. Proc. Natl. Acad.
Sci., USA, 46-0 373-384.
Levi-Montalcini, R., and Booker, B. (1960b) Destruction of
the sympathetic ganglia in mammals by an antiserum to a
nerve-growth protein. Proc. Natl. Acad. Sci., USA, 46:
38 4- 391.
Levi-Montalcini, R., and Hamburger, V. (1953) A diffusible
agent of mouse sarcoma producing hyperplasia of
sympathetic ganglia and hyperneurotization of the chick.
J. Exp. Zool.', 123: 233-288.
Levi-Montalcini, R., Meyer, R.H., and Hamburger, V. (1954)
In vitro experiments on the spinal and sympathetic
ganglia of the chick embryo. Cancer Res., 14: 49-57.
Li, A.K.C., Koroly, M.J., Schattenkerk,M.E., Malt, R.A.,
Young, M (1980) Nerve growth factor and acceleration of
the rate of wound healing in mice. Proc. Natl. Acad.
Sci. USA. 77: 4379-4381.
Longo, A.M. (1978) Synthesis of nerve growth factor in rat
glioma cells. Dev. Biol., 65:260-270.
Longworth, J.W. (1966) Biopolymers 4:1131.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J.
(1951) Protein measurement with the fol in phenol
reagent. J. Biol. Chem., 193: 265-275.
Macdonnell, P.C., Nagaiah, K., Lakshmanan, J., and Guroff,
G. (1977) Nerve growth factor Increase activty of
orn i th ine decarboxylase in superior cervical ganglia of
young rats. Proc. Natl. Acad. Sci., USA, 74: 4681-4684.
128
Marchalonis, J.J. (1969) Biochem. J., 113: 299.
Merril, C.R., Goldman, D., and Van Keuren, M.L. (1984) Gel
protein stains: silver stain. Methods in enzymology
104(C): 441-447.
Mobley, W.C., Schenker, A., and Shooter, E.M. (1976)
Characterization and isolation of proteolytically
modified nerve growth factor. Biochemistry, 15(25):
5543-5552.
Murphy, R.A., Pantazis, N.J., Arnason, B.G.W., and Young M.
(1975) Secretion of a NGF by mouse neuroblastoma cells
in culture. Proc. Natl. Acad. Sci., USA, 72(5): 1895-
1898.
Murphy, R.A., Saide, J.D., Blanchard, M.H., and Young, M.
(1977) Nerve growth factor in mouse serum and saliva:
role of the submandibular gland, Proc. Natl. Acad. Sci.,
USA, 74: 2330-2333.
Murphy, R.A., Singer, R.H., Saide, J.D., Pantazis, N.J.,
Blanchard, M.H., Byron, K.S., and Arnason, B.G.W. (1977)
Synthesis and secretion of a high molecular weight form
of nerve growth factor by skeletal muscle cells in
culture. Proc. Natl. Acad. Sci., USA, 74(10): 4496-4500.
Murphy, R.A., Watson, A.Y., Metz, J., and Forssmann, W.G.
(1980) The mouse submandibular gland: an exocrine organ
for growth factors. The Journal of Histochemistry and
cytochemistry, 28(8): 890-902.
Naujoks, K.W., Korsching, S., Rohrer, H., and Thoenen, H.
(1982) Nerve growth factor-mediated induction of
tyrosine hydroxylase and of neurite outgrowth in cultures
of bovine adrenal chromaffin cells: dependence on
developmental stage. Dev. Biol. 92: 365-379.
Nishiyama, N., Saito, H., Kyozo, H., Satoyoshi, E.,
Furukawa, S. (1982) Purification and some properties of
a new NGF from the submandibular gland of male Suncus
murinus. Biomed. Res. 3(4): 457-60.
Norrgren, G., Edendal, T., Belew, M., Jacobson, C.O., and
Porath, J. (1980) Release of nerve growth factor by
human glial cells in culture. Experimental Cell
research, 130: 31-39.
Oger, J., Arnason. B.G.W., Pantazis, N., Lehrich, J., and
Young, M. (1974) Synthesis of NGF by L and 3T3 cells in
culture. Proc. Natl. Acad. Sci., USA, 71(4):1554-1558.
Otten, U., Schwab, M.., Gagnon, C., Thoenen, H. (1977)
Selective induction of tyrosine hydroxylase and dopamine
-hydroxylase by nerve growth factor: comparison between
129
adrenal medulla and sympathetic ganglia of adult and
newborn rats. Brain res., 133: 291-303.
Otten, U., Hatanaka, H., and Thoenen, H. (1978) Effect of
nerve growth factor on general growth and differentiation
of sympathetic neurons: induction of ornithine
decarboxylase and tyrosine hydroxylase as respective
examples. In: 4 Int. Catechol amine Symposium, As i l omar.
Oxford: Pergamon. pp.115-117.
Otten, U., Thoenen, H. (1976) Modulating role of
glucocorticoids on NGF-mediated enzyme induction in organ
cultures of sympathetic ganglia. Brain Res., 111: 438-
441.
Palmatier, M.A., Hartman, B.K., Johnson, E.M. (1984)
Demonstration of retrogradely transported endogenous
nerve growth factor in axons of sympathetic neurons.
4(3): 751-6.
Pantazis, N.J. (1983) Nerve growth factor synthesized by
mouse fibroblast cells in culture: absence of a and
Y subunits. Biochemistry, 22(18): 4264-71.
Pantazis, N.J., Blanchard, M.H., Arnason, B.G.W., Young, M.
(1977) Molecular properties of the nerve growth factor
secreted by L cells. Proc. Natl. Acad. Sci. USA. 74:
1 492- 1 496.
Pantazis, N.J., Murphy, R.A., Saide, J.D., Blanchard, M.H.,
Young, M. (1977) Dissociation of the 7S nerve growth
factor complex in solution. Biochemistry, 16: 1525-1530.
Paravicini, U., Stoeckel, K., Thoenen, H. (1975) Biological
importance of retrograde axonal transport of nerve growth
factor in adrenergic neurons. Brain Res., 84: 279-291.
Partlow, L.M., and Larrabee, M.G. (1971) Effects of a nerve
growth factor, embryo age, anf metabolic inhibitors on
growth of fibers and on synthesis of ribonucleic acid and
protein in embryonic sympathetic ganglia. Journal of
Neurochem. 18:2101-2118.
Pattison, S.E., and Dunn, M.F. (1975) On the relationship
of zinc ion to the structure and function of the 7S nerve
growth factor protein. Biochemistry, 14 (12): 2733-2739.
Pearce, F.L., Banks, B.E., Banthorpe, D.V., Berry, A.R.,
Davis, H.S., Vernon, C.A. (1972) The isolation and
characterization of nerve growth factor from the venom of
Vipera russelli. Eur. J. Biochem., 29: 417-425.
Reisfeld, R.A., Lewis, U.J., williams, D.E. (1962) Disk
electrophoresis of basic proteins and peptides in
polyacryamide gels. Nature, 195: 281-283.
130
Ronne, H., Anundi, H., Rask, L., and Peterson, P.A. (1984)
7S Nerve growth factor: a and Y suninits are closely
related proteins. Biochemistry, 23: 1229-1234.
Rubin, J.S., and Bradshaw, R.A. (1981) J.Neurosci. Res., 6:
451-464.
Sara, V.R., Hall, K. (1979) Growth hormone, growth factors,
and the brain. TINS, Octo., 263-265.
Schwab, M.E., Otten, U., Agid, Y., Thoenen, H. (1979) Nerve
growth factor in the rat CNS: absence of specific
retrograde axonal transport and tyrosine hydroxylase
induction in locus coeruleus and substantia nigra. Brain
Res., 168: 473-483.
Server, A.C., and Shooter, E.M. (1977) Nerve growth factor.
Adv. Prot. Chem., 31: 339-409.
Siigur, E., Jarve, V., Neuman T., Tara A., Siigur, J. (1983)
NGF In snake venoms. Eest i NSV Tead. Akad. Toim, Keem.
32(l):58-60.
Simpson, G.G. (1945) Principles of classification and a
classificaion of mammals. Bul. Am. Museum Nat. History,
85:1-350.
Skaper, S.D., and Varon, S. (1979) Nerve growth factor
action on 2-deoxy-D-glucose transport in dorsal root
ganglionic dissociates from chick embryo. Brain Res.,
163: 89-100.
Slack, J.R., Hopkins, W.G., and Pockett, S. (1983) Evidence
for a motor growth factor. Muscle and nerve, May: 243-
251.
Smith, A.P., Varon, S., Shooter, E.M. (1968) Multiple forms
of the nerve growth factor protein and its subunits.
Biochemistry, 7: 3259-3268.
Stach, R.W., and Shooter, E.M. (1974) The biological
activity of crosslinked 13-NGF protein. J. Biol. Chem.
249: 6668:6674.
Stach, R.W., Wagner, B.J., and Stach, B.M. (1977) A more
rapid method for the isolation of the 7S nerve growth
factor complex. Anal. biochem. 27-32.
Stockel, K., Thocnen, H. (1975) Retrograde axonal transport
of nerve growth factor: specificity and biological
importance. Brain Res., 85: 337-341.
Szutowicz, A., Frazier, W.A., Bradshaw, R.A. (1976a)
Subcellular localization of nerve growth factor
131
receptors. J. Biol. Chem. 251: 1516-1523.
Szutowicz, A., Frazier, W.A., Bradshaw, R.A. (1976b)
Subcellular localization of nerve growth factor
receptors. J. Biol. Chem. 251: 1524-1528.
Tischler, A.S. and Greene, L.A. (1975) Nerve growth factor
induced process formation of cultured rat
phcochromocytoma cells. Nature (London), 258: 341-342.
Thoenen, H., Angeletti, P.U., Levi-Montalcini, R., and
Kettler, R. (1971) Selective induction of tyrosine
hydroxylase and dopamine -hydroxylase in rat superior
cervical ganglia by nerve growth factor. Proc. Natl.
Acad. Sci., USA, 68:1598-1602.
Thoenen, H., and Barde, Y.A. (1980) Physiology of nerve
growth factor. Physiology reviews, 60: 1284-1335.
Thoenen, H., Barde, Y.A., Edgar, D., Hatanaka, H., Otten,
U., and Schwab, M. (1979) Mechanism of action and
possible sites of synthesis of nerve growth factor.
Progress in brain research, 51: 95-107.
Thorell, J.J. and Johansson, B.G. (1971) Bioch'im. Biophys.
Acta., 251: 363.
Turner, J.E., Delaney, R.K. (1979) Retinal ganglion cell
response to axotomy and nerve growth factor in the
regenerating visual system of the newt (Notophthalmus
viridescens): an ultrastructural morphometric analysis.
Brain Res., 171: 197-212.
Ueyama, T., Saito, H., and Yohro, T. (1981) Suncus murinus
submandibular gland and prostate are new sources of nerve
growth. Biomed. Res., 2: 438-441.
Unsicker, K., Krisch, B., Otten, U., Thoenen, H. (1978)
Nerve growth factor induced fiber outgrowth from isolated
rat adrenal chromaffin cells: impairment by
gluococorticoids. Proc. Natl. Acad. Sci., USA, 75: 3498-
3502.
Varon,. S., Nomura, J., and shooter, E.M. (1967) The
isolation of the mouse nerve growth factor protein in a
high molecular weight form. Biochemistry, 6 (7): 2202-
2209.
Walker, P., Weichsel, M.E., Guo, S.M., and Fisher, D.A.
(1980) Radioimmunoassay for mouse nerve growth factor
(NGF). Effects of thyroxine administration on tissue NGF
levels. Brain res., 186: 331-341.
Walker, P., Weichsel M.E., Hoath, S.B., Poland, R.E., and
Fisher D.A. (1981) Effect of thyroxine, testosterone..
132
and corticosterone on NGF and EGF concentrations in adult
female mouse submaxillary gland: Dissociation of NGF and
EGF responses. Endocrinology 109(2): 582-587.
Young, M., Blanchard, M.H., Saide, J.D. (1979) Nerve growth
factor: radioimmunoassay and bacteriophage immunoassay.
In: Methods of hormone radioimmunoassay. Jaffe, B.M.,
Behrman, H.R. (eds.) pp941-958. New York: Academic
Press.
Young, M., Oger, J. (1974) Secretion of a nerve growth
factor by primary chick fibroblast cultures. Science,
187: 361-362.
Young, M., Saide, J.D., Murphy, L.A. and Arnason, B.G.W.
(1976) Molecular size of nerve growth factor in dilute
solution. J. Biol. Chem., 251: 459-464.


